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ABSTRACT 
Scientific experiments which have been proposed for manned 
lunar surface exploration are identified and described. A standard 
form is used which allows a complete description of the individual 
experiment. techniques. astronaut functions. instrumentation. and 
prerequisite development. The experiments are grouped by s cien-
tific discipline. and no attempt is made to determine their relative 
merits. 
Approved: 
r. 
Director of Research 
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INTRODUCTION 
The lunar exploration prog ram is one step in the continuing 
investigation and exploration of our solar syste m a nd the universe. 
The overall goal is an orderly acculTIulation of knowledge of the 
earth, moon, solar system, and universe which can b e st be obtained 
through purposeful investigations conducted upon the lunar surfa ce . 
Study of the moon itself might provide the key to an understanding of 
the remainder of the solar system. In addition, its value as an obser-
vation platform and as a scientifi c laboratory for continuing study of 
the solar syste m and univer s e must b e considered. 
The objective of this document is to provide identification and 
description for a numb e r of lunar surface experiments by means of a 
standard form such that an experiment may be evaluated on an indi-
vidual basis. A standard form with an explanation of the entries fol-
lows the introduction. 
A major portion of the information used in detailing the exp eri -
ments was obtained frOITI a survey of documents originating in studies 
p e rformed by government and industry. Although these studies utilized 
various concepts of manned luna r surface operations, the experiments 
are divorc ed from the details of implementation. They are predicated 
only upon certain capabilities. Thes e are 
• Lunar surface travers es for the survey 
expe riments 
• Power source and data handling facilities 
of an emplaced station for the l ong term 
(up to 2 years) experiments 
• Lunar surface stay-time of approxilnately 
14 days for 2 astronauts for the p erformance 
of a number of eXperilTIents . 
There has been no attelupt to rank or order the experilllents; 
the only classification applied has been a grouping of the experilllents 
according to scientific discipline. The reader should not infer that 
all lllanned lunar surface experilllents have been included in this 
doculllent, or that the experilllents included will necessarily be 
incorporated on one or lllore lllissions. 
As a part of the developlllent o f the capability to explore the 
lunar surface, extended stay tillle lllanned earth-orbital and lunar-
orbital lllissions with increased scientific payload capacity ar e con-
telllplated. Consideration has been given in the lunar surface experi-
lllents to the correlation of experilllental data and the utilization of 
experilllental apparatus developed for these lllissions. 
In addition to the listed editors, principal parti c ipants in the 
preparation of this doculllent were J. M. Duffie, Jr., S. N. Heaps, 
J. R. Rogers, J . M. Scarborough, and N. F. Six, Jr. Acknowledg-
lllent is also given to lllany other personnel of the R e search Labora-
tories of Brown Engineering COlllpany, Inc. who lllade valuable con-
tributions. W e also wish to thank Mr. Jallles A . Downey, III, 
Mr. Herlllan P. Gierow, and other lllelllbers of the Spec ial Projects 
Office, R esearch Projects Laboratory, Marshall Spac e Flight Center 
for their guidance and as sistance. 
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LIST OF EXPERIMENTS 
(NoveInber 1, 1965) 
1. GEODESY ICAR TOGRAPHY 
1. 1. 1 
1. 1. 2 
1. 1. 3 
1. 1. 4 
1. 1. 5 
1. 1. 6 
1. 1. 7 
2. GEOLOGY 
2.1 Surface 
2. 1. 1 
2.1.2 
Lunar Surveying Staff StereoInetric Fi1In Camera 
Lunar Surveying Staff Television Camera 
Lunar Surveying Staff Tracking Mechanism 
Lunar Surveying Staff Orientation MechanisIn 
Synoptic lInage ry MeasureInents 
Tidal Gravity MeasureInent 
Lunar Libration (Star Tracker) 
Point Detector lInage ry MeasureInents 
Sampling on the Lunar Surface 
2.2 Subsurface 
2.2.1 Core Drilling 
3. GEOPHYSICS 
3.1 Traverse Geophysics 
3. 1. 1 
3. 1.2 
3. 1. 3 
3.1 . 4 
3. 1.5 
3.1.6 
3. 1.7 
3.1.8 
3.1.9 
3.1.10 
3.1.11 
3.1.12 
Refraction SeisInography 
Reflection SeisInography 
Lunar Gravity MeasureInent by Falling Ball 
Gra virnete r 
Magnetic Prospecting 
Surface Electrical Re sistivi ty 
Lunar Surveying Staff Susceptibility-Conductivity 
Induction Balance 
Surface Natural GaInIna Survey 
Surface Spectral GaInIna Survey 
Surfac e GaInIna GaInIna Survey 
Surface Neutron GaInIna Survey 
Surface Neutron N eutron Surve y 
Lunar Surveying Staff GaInIna Fluxme ter 
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LIST OF EXPERIMENTS (Continued) 
3.2 Core Hole Geophysics 
3.2. 1 Core Hole Electrical Conductivity Logging 
3.2.2 Core Hole Magnetic Susceptibility Logging 
3.2.3 Cor e Hole Sonic Velocity Measurelllents 
3.2.4 Core Hole The rlllal Conductivity Measurelllent 
3.2.5 Core Hole Natural Galllllla Logging 
3.2.6 Core Hole Spectral Galllllla Logging 
3.2.7 Core Hole Galllllla Galllllla Logging 
3.2. 8 Core Hole Neutron Galllllla Logging 
3.2.9 Core Hole Neutron Neutron Logging 
3.2.10 Core Hole Telllperature Measurelllent 
3. 3 Natural Phenolllena 
3. 3. 1 
3.3.2 
3. 3. 3 
3.3.4 
3. 3. 5 
3.3.6 
3.3.7 
3. 3. 8 
3.3.9 
3. 3. 10 
3. 3. 11 
3. 3. 12 
3.3. 13 
3. 3. 14 
Pas si ve Seisrnic Activity 
Charged Dust Study 
Electric Field Measurelllents 
Charged Particle Spectrollleters 
Solar Plasllla Spectrollleter 
Neutron Flux Measurelllent (Phoswich Detector) 
Total Radiation Measurelllent (Ion-Challlber Type 
Dosillleter) 
Galllllla Ray Detection (Geiger-Mueller Counter) 
M e teorite Flux Measurelllents 
Meteoroid Spectral Measurelllent 
Magnetic Field Measurelllent 
Surface Telllperature Measur e lllent 
Lunar Environrnent Effects on Exposure Panel 
Lunar Surface Heat Flow 
4. GEOCHEMISTRY 
4. 1 Rock- Chelllical COlnposition and Structure 
4. 1. 1 
4.1.2 
4.1.3 
4.1.4 
4.2 Gas 
4.2.1 
4.2.2 
Geochelllical Study Using a Mass Spectrollleter 
Mineral Identification by X-Ray Diffractollleter 
Gas Chrolllatography 
Geochelllical Study Using a P e trographic Microscope 
Hydrogen Lyrnan-Alpha Measurernent 
Total Gas -Pre s sure Measurelllent 
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LIST OF EXPERIMENTS (Continued) 
5. ASTRONOMY 
5. 1 Radio Astronomy 
5. 1. 1 
5. 1.2 
5. l. 3 
5. l. 4 
5. l. 5 
5. l. 6 
5.1.7 
5. l. 8 
Radio Astronomy at Millimeter Wavelengths -
Planetary Observations 
Beacon Transmis sions Between the Earth and Moon 
Galactic and Extra-Galactic Radio Astronomy at 
Low Frequencies (1 kHz - 10 MHz) 
Radio Astronomy at Millirneter Wavelengths -
Solar Observations 
Solar Radio Astronomy at Low Frequencie s 
Radio Astronomy at Millimeter Wavele ngths -
Discrete Cosmic Source Observations 
D e t e ction of a Lunar Ionosphere and Study of the 
Electromagnetic Properties of the Lunar Surface 
and Subsurface Materials 
Low Frequency Observations of Nontherrnal 
Radiation from Jupiter and a Search for Such 
Radiation from Other Plane ts 
5.2 Optical Astronomy 
5.2. 1 
5.2.2 
Wide -Field Optical Observation o f Variabl e , 
Low-Brightnes s, E x tended-Surface Phe nome n a 
of the Earth-Moon System 
Measureme nt o f the Einstein G e n e ral Relativity 
The ory Shift 
5.3 X-Ray Astronomy 
5. 3. 1 
6. BIOSCIENCE 
6. 1. 1 
6. l. 2 
Survey of Celestial X-Ray Sources 
Growth of T e rr e strial Organisrns on the Lunar 
Surfac e 
Sear c h fo r Life Forms 
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LIST OF EXPERIMENTS (Continued) 
7 . ENGINEERING 
7 . 1. 1 
7.1.2 
7.1.3 
7.1.4 
Bevameter Determination of Lunar Terrain 
Trafficability 
Lunar Soil Classification 
Mechanical Testing of Lunar Soil Sample s 
Lunar Surface Penetration Resistance 
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STANDARD FORM AND EXPLANA TOR Y REMARKS 
EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: 
2. APPLICATIONS/TECHNICAL AREA 
a. General: 
b. Detailed Category: 
c. Other Interested U. S. Agencies: 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: 
b. All Other Contacts: (bracketed numbers refer to references 
listed in the bibliography) 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: 
2) Significance and Import of Expected Results: 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: 
b. Measurements and Data 
1 ) Particular Phenomena and Characteristics to be 
Observed and Measured: (include the range of values) 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: (include basic parameters such as 
estimated rate or frequency of measurement, ac c uracy 
required including pointing accurac y) 
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c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: 
2) Preferential Lunar Phase: (day or night, etc.) 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: (handcarried, wheeled vehicle, etc.) 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: 
3) Common Equipment: (apparatus that may be used in 
other experiments) 
4) Time Sequence Relationship: (with other experiments) 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
(experiments to be performed on missions that pre-
cede or follow) 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: (include feasibility studies, 
equipment development programs, etc . ) 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
8 
r. 
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2) Interval Between Operational Periods: 
3) Total Duration of Experiment: 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: 
b) Checkout and Calibration: 
c) Standby: 
d) Experimentation: 
2) Crew Procedures Required: 
3) Crew Skills Required: 
4) Importance of Astronaut Participation: 
5) Crew Time Per Operational Sequence: 
6) Number of Experiment Sequences Per Mission: 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: (principle of operation 
and significant functional characteristics of the apparatus 
whereby the phenomena of 4. b. are measured) 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: 
b) Size Stored: 
c) Pressurized or Unpressurized (stored): 
d) Weight: 
e) Size Operating: 
f) Pressurized or Unpressurized (operating): 
g) Frequency Spectrum: 
h) Resolution: 
i) Pointing Accuracy: 
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c. Sill1ultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experill1ent: 
(include sensors described in other experill1ents) 
d. Ancillary Equipll1ent: (expected supporting equipll1ent, e. g. , 
in situ data recorders, peculiar calibration and test equip-
ll1ent) 
1 ) Equipll1ent Nall1e: 
2) Equipll1ent Size Stored: 
3) Electrical Characteristic s: 
4) We ight: 
e. Required Developll1ent 
1) Principal Apparatus Requiring Developll1ent : 
2) Estill1ated Till1e Required for Delivery of Flight 
Hardware Starting froll1 Experill1ent Developll1ent 
Go-Ahead : 
3) Current Status of Experill1ent, Especially Present 
State-of-the-Art: (of apparatus and/ or techniques) 
7. INTERFACES 
a. Proposed E x perill1ent Location: (indicate requirell1ent to 
locate near or far froll1 other experill1ental equipll1ent or 
facility and state the rea son) 
b . Instrull1ent Orie ntation and Stabilization: (indicate orienta-
tion and allowable stabilization lill1its if known; procedures 
or techniques required) 
c. Access R e quir e ll1e nts: (indicate r e quirell1ents for exposure 
and/ or contact to radiation, ll1eteorite flux, surface, etc.) 
d. Environnlental Requirell1ents : Indicate any environll1ental 
control to be provided either during storage or operation in 
addition to that incorporated in the apparatus such as: 
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• thermal - include heat dissipation (BTU/hr) and 
temperature limits 
• pre s surization 
• protection from the elements, e. g., shielding from 
meteorite flux, dust, ultraviolet, etc. 
• radioactivity - Note: There are numerous radioactive 
sources in the spacecraft structural members and instru-
ments, power sources, and apparatus for other experi -
ments in addition to that of the lunar environment. Each 
experimenter should determine the radiation tolerances 
which would be acceptable to their experiments. 
It has been recommended [16] that specifications be set 
for radioactive interference (RAI) similar to those which 
are set for radio frequency interference (RFI). 
e. Power Requirements: (indicate estimated power require-
ments during periods of warmup, checkout and experimen-
tation; if known, give estimated power profile) 
1) Average Power and Time Duration: 
2) Peak Power and Time Duration: 
3) Standb y Power and Time Duration: 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: (e. g., scale reading, analog 
or digital output, film or magne tic tape) 
b. Data Charac teristics 
1) Range of Measurement: (minimum, maximum values 
and required resolution in physical and/ or electrical 
units) 
2) Ac c uracy: (max in1um a llowable e rror in m e asurenie nt 
as a per c ent of true v alue) 
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3) Frequency Response: (minimum and maximum fre-
quency components of instrument output in Hz, pulse 
width and repetition rate for digital output) 
4) Output Impedance(s): 
5) Estimated Total Bulk of Data: (total bits, number of 
pictures, tape speed and duration, etc.) 
c. Expected Data Activity: (Give information pertaining to 
the time rate-of-change of the data rate such that an esti-
mate of the data profile may be constructed, e. g., bits per 
second versus time or bandwidth versus time. This infor-
mation is essential to the design of an efficient data handling 
system. ) 
Example based on data activity taken from Jupiter's 
Decametric Radio Sporadic Emissions: A specific fre-
quency is chosen to be monitored for approximately six 
hours. During this interval there are four predominant 
states identified by the output. These are galactic noise, 
individual pulses, a series of pulses (a burst) or a series 
of bursts (noise storm). The individual pulse varies from 
O. 005 sec to 10 sec. The burst can last from 1 minute to 
3 minutes. The noise storms, in general, are from 5 
minutes to 2 hour s in duration. The repetition time of the 
pulses, bursts, or noise storms varies randomly from 
15 minutes to 2 hours. 
d. Selective Monitoring: (indicate how the astronaut(s) can be 
used to select specific data, thus decreasing the quantity of 
data to be transmitted) 
e. Data Preprocessing: (specify if and how computational data 
processing can be accomplished on the lunar surface prior 
to data storage ,or transmission to extract the desired infor-
mation from the measured data) 
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9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
ExperiITlent: (include diITlensions and weight of data package s, 
saITlples, or equipITlent to be returned to earth) 
1) Preflight Period: 
2) Data Acquisition Period: 
3) Postflight Analysis Period: 
1 3 
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EXPERIMENT IDENTIFICA TION AND DESCRIPT ION 
1. TITLE: Lunar Surveying Staff Stereometric Film Camera 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geodesy/ Cartography 
Detailed Category: Mapping 
Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: U. S. G. S. 
b. All Other Contacts: Unknown, [9] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: Images obtained with 
this camera will permit photogrammetric, colorimetric 
and photometric analysis of small parts of the moon's 
surface determined by the astronaut to be of special 
interest. 
2) Significance and Import of Expected Results: Detailed 
physical dimensions, color and photometric properties 
of selected features and surficial materials within 
about 6 meters of the astronaut will be obtained from 
images taken by a stereometric film camera. The 
accurately known base line of the camera also provides 
a means of obtaining supplementary control for the 
photogrammetric reduction of staff television imagery. 
Color composite photographs will be prepared from 
selected images for post-mission interpretation. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Not Applicable 
1.1.1.1 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The stereometric film 
camera will take high resolution, dimensionally 
stable, stereoscopic photographs. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Lens resolution of at least 100 
lines per mm from center to field edge. Two-step 
focus to approximately cover fields from O. 5 m to 
6 m and 4 m to near infinity, respectively. Step 
variable aperture between f 3. 5 and f 22 to permit 
operation flexibility including photography for photo-
metric purposes and photography in shadowed areas 
illuminated by an auxiliary light. Exposure time of 
5 milliseconds or less with uniform shutter speed. 
Telephoto lens centered between matched lenses; 
focal length approximately 75 mm. Supplementary 
lens for one or both matched lenses to give 1: 1 repro-
duction of fine detail. 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Not Applicable 
2) Preferential Lunar Phase: Day 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: The camera is to be built 
into the Lunar Surveying Staff (see Figure 1). 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter : The staff into which the camera is built will 
be handcarried by the astronaut. 
d. Supporting E xperimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Staff 
Orientation Mechanism and Staff Tracking Subsystem 
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Figure 1, Lunar Surveying Staff Concept (9) 
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2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment: None 
4) Time Sequence Relationship: Unknown 
e. Experiment Continuity and Relationship to Other Efforts 
I) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
Lunar Surveying Staff will provide composite instru-
mentation to view at close hand any material accessible 
to an astronaut on foot. This high resolution infor-
mation, when correlated with low res olution data, may 
allow one to infer properties of materials inacces sible 
to surface exploration. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: The Lunar Surveying Staff may 
be developed for the early Apollo missions for which no 
wheeled vehicle is available and traverses must be made 
on foot. It may be used to advantage on later missions 
in conjunction with the LSSM. The possibility of using 
modules which could be plugged into the LSSM or Staff 
should be investigated. 
5. OPERATIONS 
a . Duty Cycle 
I) Expected Number and Duration of Operational Periods: 
The camera would be used whenever an interesting 
feature is observed. Number of exposures would be 
determined by amount of film allowed in the return 
payload. 
2) Interval Between Operational Periods: Same as above 
3) Total Duration of Experiment: Same as above 
1.1.1.4 
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b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Not Applicable 
b) Checkout and Calibration: Possible selection of 
lenses and focus. Stabilize Staff and trip shutter. 
c ) Standb y: Unknown 
d) Experimentation: Unknown 
2) Crew Procedures Required: Unknown 
3) Crew Skills Required: Familiar with operation of 
camera and photographic techniques 
4) Importance of Astronaut Participation: Must provide 
selectivit y in choosing subjects for photography. 
5) Crew Time Per Operational Sequence: Unknown 
6) Number of Experiment Sequences Per Mission: 
Unknown 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Stereoscopic Camera 
b. Apparatus D escription 
1) Description of Following for Component: 
a) Equipment Name: Stereometric Film Camera 
b) Size Stored: Shape and volume compatible with 
Staff concept. 
c) Pres surized or Unpressurized (stored): Unknown 
d) Weight: 2.2 kg or less 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): Unknown 
g) Frequency Spectrum: Low to medium constrast, 
black and white film compatible with reproduction 
of the v isible spectrum, scene luminance of 5 to 
2500 foot-lamberts, maximum aperture of f 3.5. 
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h) Resolution: 100 or more lines per mm resolution 
from center to edge of field. 
i) Pointing Accuracy: Field of view 60° or more. 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Unknown 
d. Ancillary Equipment: Color filters to permit colorimetric 
analysis and color separation photography; a supplementary 
lens for one or both matched lenses to give 1: 1 reproduction 
of fine detail; and an auxiliary light. 
e. Required Development 
I) Principal Apparatus Requiring Development: A bread-
board stereometric film camera designed to test many 
of the scientific and operational specifications of the 
Surveying Staff camera is being fabricated by the 
Geological Survey as part of its mission development 
studies. Astronaut-actuated parts must be readily 
acces sible and operable under space suited constraints. 
One of these parts is a single trigger on Staff hand grip 
to release shutters, and advance film and cock. 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Twelve to eighteen months 
3) Current Status of Experiment, Especially Present 
State -of-the -Art: Unknown 
7. INTERFACES 
a. Proposed Experiment Location: Located on Lunar Surveying 
Staff (see Figure 1). 
b. Instrument Orientation and Stabilization: Hand-held Staff 
c. Access Requirements: Lens exposure 
d. Environmental Requirements: Active and/ or pas sive 
environmental control 
e. Power Requirements: Self-contained power source 
1.1.1.6 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. ForlTI of Data to be Collected: Film cassette for return to 
earth 
b. Data Characteristics: Not Applicable 
c. Expected Data Activity: Not Applicable 
d. Selective Monitoring: The astronaut(s) can judiciously 
select the film images which will be returned to earth. 
e. Data Preprocessing: Processing on moon unlikely 
9. SUPPLEMENTARY INFORMATION 
a. Discus sion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: None 
2) Data Acquisition Period: A method for positive identi-
fication of the samples or surfaces photographed lTIust 
be provided. 
3) Postflight Analysis Period: The techniques for analyses 
of data should be determined in advance in order to 
determine lTIanpower and facilities required. 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Lunar Surveying Staff Television Camera 
2. APPLICATIONS/ TECHNICAL AREA 
a. General Area: Geodesy/ Cartography 
b. Detailed Category: Mapping 
c. Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [9] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: The staff television 
camera will obtain the images that constitute the 
prime geological record of the distribution and surficial 
nature of the materials on the lunar surface. Combined 
with the Staff tracking and orientation data, the images 
also contain the information needed for the photogram-
metric and photometric compilation of a large scale 
topographic map of the lunar surface which is within 
line-of-sight of the Local Scientific Survey Module. 
The surface geometry and photometric properties 
portra yed by the television imagery will include a far 
greater number of features than the astronaut will find 
possible to observe and describe . 
2) Significance and Import of Expected Results: The 
images obtained by the Staff television camera will 
constitute the prime geological record of the distri-
bution and surficial nature of the materials at the 
sites selected for investigation by the LSSM. The 
images will also contain information necessary to 
compile large-scale topographic maps of the selected 
areas which are to be investigated. 
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3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The Staff television 
camera will take and transmit every few seconds a 
high resolution image of features along the astronaut's 
traverse. Once the pictures have been developed at 
one of the earth bases, detailed topographic and geologic 
maps will be drawn. 
b. Measurements and Data 
l) Particular Phenomena and Characteristics to be 
Observed and Measured: Pictures along a traverse 
will be taken of all lunar features which the astronaut 
deems of interest or necessary for lunar mapping. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: The vidicon camera is to provide: 
• Detection of surface brightnes s from 5 to 2500 
foot-lamberts 
• Depth of focus from 0.5 meters to infinity 
• Exposure time of 5. 0 milliseconds or les s with 
shutter speed uniform to 1 % 
• Active scan area and complementary optical 
system to give 800 or more TV resolution lines 
• Equal horizontal and vertical resolution of 800 lines 
per frame 
• Frame transmission time of 1. 5 seconds 
• A sunlight sensor with the same spectral response 
and field of view as the vidicon tube for servo con-
trol of iris opening 
• An image format scribed to define the raster 
• Reseau marks to define the image geometry 
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c. Deployment 
I) Preferential Location or Type of Location on Lunar 
Surface : Not Applicable 
2) Preferential Lunar Phase: Daytime, for illumi-
nation 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: The television camera will 
be located upon the Lunar Surveying Staff which will 
be used within line of sight of the LSSM (see Figure I). 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: The Lunar Surveying Staff will be developed 
to be handcarried. 
d. Supporting Experimentation 
I) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: The other 
Staff systems. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment: VHF communication link from 
Lunar Surveying Staff to LSSM for conveying video 
signal to the Lunar/Earth transmission system. 
4) Time Sequence Relationship: The VHF communication 
link from Lunar Surveying Staff to LSSM is to be time-
multiplexed between the several experiments being 
performed by the Surveying Staff package. 
e. Experiment Continuity and Relationship to Other Efforts 
I) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
lunar surface which is within the field of view of the 
Staff TV camera will be transmitted in real time to 
earth- based monitor s. This will allow an earth- based 
scientific team to see the area that is being investigated 
by the astronaut team and to participate in the experi-
ment. 
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2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: A similar television camera 
for a Lunar Surveying Staff is being considered for the 
early Apollo missions. The possibility of using modules 
which could be plugged into the LSSM or Staff should be 
investigated. 
The vidicon carne ra which is being developed for the 
Ranger 9 F systems meets many of the scientific and 
performance requirements for the Lunar Surveying 
Staff television camera. 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Pe riods: 
Not determined 
2) Interval Between Operational Periods: Cycle repetition 
rate of 5 seconds or less, including erase and prepa-
ration time. 
3) Total Duration of Experiment: Not determined 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: None 
b) Checkout and Calibration: None 
c) Standby: None 
d) Experimentation: Full time while selected 
observations with TV camera are being made. 
2) Crew Procedures Required: None 
3) Crew Skills Required: None 
4) Importance of Astronaut Participation: Must decide 
which feature s to sight upon and must carry and aim 
the camera . 
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5) Crew Time Per Operational Sequence: Not determined 
6) Number of Experiment Sequences Per Mission: Not 
determined 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Not Applicable 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Lunar Surveying Staff Tele-
vision Camera. (See Figure 1. ) 
b) Size Stored: Shape and volume compatible with 
Staff concept. 
c) Pressurized or Unpressurized (stored): Unknown 
d) Weight: Weight of camera and transmitter is 5 kg 
or less. 
e) Size Operating: See b) above. 
£) Pressurized or Unpressurized (operating): 
Unknown 
g) Frequency Spectrum: 500 kHz bandwidth allocation 
for real time transmission by the S-band trans-
mitter on the LSSM . 
h) Resolution: Active scan area and complementary 
optical syste m to give 800 or more TV resolution 
lines with a 1: 1 aspect ratio. The grey scale 
resolution h a s not been defined . 
i) Pointing Accuracy: Directional hand grip on Staff 
for rough pointing of camera. 
c. Simultaneous Observations by Sensors Othe r Than Those 
Specified Above Which Would Enhance the E x periment: 
None 
d. Ancillary Equipment: None 
e. Required Development: The development of a high resolution, 
slow scan vidicon camera and RF transmitter configured to 
the Surveying Staff, with an RF receiver at the LSSM should 
be the responsibility of the agency which is responsible for 
general design of the Staff and the integration of all the Staff 
instruments . 
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The design and fabrication of the prototype calnera, trans-
lnitter, and receiver , having the basic design of the flight 
instrulnents, will require about 18 to 24 months after a 
development contract is let. 
7. INTERFACES 
a . Proposed Experiment Location: Not Applicable 
b . Instrument Orientation and Stabilization: The Lunar 
Surveying Staff's tip and tilt is known from +90 0 to -90 0 
±30 lninutes. Azimuth (uncorrected) from a sun compass 
froln 0 0 to 360 0 ±30 minute s. 
c . Acce s s Requirements : Lunar Surveying Staff lnust be within 
line-of-sight of LSSM. 
d . Environmental Requirements: Active and/ or passive 
environment control. 
e. Power Requirements: Power requirement of 20 watts or 
less at 28 V . 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: A real time analog signal 
which is proportional to the surface brightness within the 
TV camera's field of v ie w . The analog signal will have the 
image forlnat scribe or synchronization signals and reseau 
marks to provide identification of image geolnetry super-
scribed at the appropriate time . The analog signal will be 
on for approximately 1. 5 seconds and off for 3. 5 seconds . 
b. Data Characteristics 
1) Range of Measurement : See table below. 
Minimum Signal 
Maximum Signal 
Size Re solution 
Grey Scale Re solution 
Physica l Units 
5 ft-Iamberts 
2500 ft -Iamberts 
Unknown 
Not Defined 
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Electrical Units 
Unknown 
Unknown 
800 scan lines with 
a I: I aspect ratio 
Not Defined 
2) Accuracy: Not defined 
3) Frequency Response: Minimum, 0 . 2 Hz; maximum, 
500 kHz 
4) Output Impedance (s ): Unknown 
c. Expected Data Activity: The required fr e quency response 
is determined by distribution and surficial nature of the 
materials on the lunar surface . Surface areas may contain 
large spots of a single color or shade while othe r areas may 
be constituted of small spots of different colors. The dis-
tribution of color will be affected b y the position of the sun 
with respect to the lunar surface. 
d. Selective Monitoring: The astronaut will select only lunar 
features along a traverse which a re necessary for topographic 
mapping and feature identification. 
e. Data Preprocessing: Not defined 
9. SUPPLEMENTARY INFORMA TION 
a. Discussion of Facilitie s and Procedures Needed for This 
Experiment 
1) Preflight Period: Unknown 
2) Data A c quisition Period: An earth - based data acquisi-
tion and tracking facility will be required during the 
time that real time TV picture s are to be transmitted 
over the S-band transmission system on the LSSM. 
This facility should possess on-line display monitors, 
data storage, r ecall a nd displa y of selected images, 
and real time d a ta proces sing capability. 
3) Postflight Analysis Period: This facility is to provide 
data reduction and proces sing of the received data. 
This p roc e ssing will insure that necessary and suf-
ficient data are obtained to accomplish the primary 
experiment objectives. 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Lunar Surveying Staff Tracking Mechanism 
2. APPLICATIONS/ TECHNICAL AREA 
a. 
b . 
c. 
General Area: Geodesy/Cartography 
Detailed Category: Mapping 
Other Interested U. S. Agencies: U. S. G . S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a . Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [3], [9], [11] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: The Staff tracking 
mechanism consists of subsystems on the Lunar 
Surveying Staff and LSSM. The tracking mecha-
nism will provide automatic readings of range, 
azimuth, and v e rtical angle of the Surve ying Staff 
relative to the position of the LSSM. Range will be 
given to an accuracy of ±O. 3 meters or better, and 
azimuth and vertical angle given to ±3. 4 minutes of 
arc or better. The Staff tracking mechanism will 
also be used to determine the position of each refer-
ence survey marker with respect to a single point on 
the lunar surface. 
2) Significance and Import of Expected Results: The 
position of television or film images obtained by the 
Staff cameras can be known with sufficient accuracy 
to allow their precise photogrammetric integration. 
The data from the tracking system will also provide 
the primary geometric control for the astronaut1s 
de sc riptions and samples, and for data acquired by 
the physical properties module. 
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3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Range information 
may be obtained by a laser ranging device, and azimuth 
and vertical angles are determined with a theodolite [11]. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Three tracking parameters, 
range, elevation, and azimuth, de scribe the position 
of the Staff in space relative to the LSSM and/ or the 
reference survey markers. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Range measurements from 10 to 
500 meters with an accuracy of ±O. 3 meters. Azimuth 
angle determination from 0 to 360 degrees and elevation 
angle determination from -5 to +30 degrees, both with 
an accuracy of ±3. 4 minutes of arc or better. Data 
readout rate of one sample per second or greater. 
c. Deployment 
I) Preferential Location or Type of Location on the Lunar 
Surface: Not Applicable 
2) Preferential Lunar Phase: Day 
3) Location(s) Relative to LEM/Shelter Where Experi-
ment is to be Performed: Detail mission plans have 
been generated for five example sites which will 
require the Staff tracking subsystern in conjunction 
with the tracking subs ystem on the LSSM [3] . 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: The Staff tracking subs ystem will be part of 
the Lunar Surveying Staff which is to be handcarried 
by the astronaut. The tracking subsystem is part of 
the LSSM equipment. 
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d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: The true 
position of the reference survey markers on the lunar 
surface are to be determined. The use of a lunar-
orbiting satellite has been proposed for this purpose. 
Data from the Lunar Surveying Staff Orienta tion 
Mechanism is required for the photogrammetric 
mapping. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: In the surveying effort the astronaut 
will use photographs taken from orbiting vehicles . 
3) Common Equipment: Staff VHF telemetry package 
common to all Staff subsystems (see Figure 1). 
4) Time Sequence Relationship: Unknown 
e . Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
field measurement of the structure of the lunar surface 
materials, the determination of the positions of samples 
and the construction of a geometric array from photo-
graphic images requires that six spatial parameters of 
the Surve ying Staff be determined intermittently. The 
three tracking p a r a meters describe the position of the 
Staff in space, and the three orientation parameters 
(tip, tilt, and pointing azimuth) describe the orientation 
of the instruments on the Staff. 
Remote geologic mapping of inaccessible formations 
and structures such as those in crater walls will be 
conducted with the aid of the theodolite, the laser 
range finder, and the multiband photography and 
radiometry package . [3] 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Similar equipment is recom-
mended for early Apollo missions [9]. Optical Guidance 
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System for Rendezvous, Contract No. NAS8-11673, 
Marshall Space Flight Center, Astrionics Laboratory, 
Research Branch, Wyman, C. L., Principal Investi-
gator. Precision Optical Tracker for Launch Vehicles, 
Marshall Space Flight Center, Astrionic s Laboratory, 
Research Branch, Wyman, C. L., Principal Investi-
gator. 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Unknown 
2) Interval Between Operational Periods: None required 
3) Total Duration of Experiment: Estimated at 116 
hours, [3]. 
b . Crew Requirements and Procedures 
1 ) Estimation of Crew Time Required For: 
a) Setup: Not defined 
b) Checkout and Calibration: Not defined 
c) Standby: Unknown or none 
d) Experimentation: Readout rate of one sample 
per second or greater. 
2) Crew Procedures Required: Not defined 
3) Crew Skills Required: None 
4) Importance of Astronaut Participation: Not defined 
5) Crew Time Pe r Operational Sequence: Unknown 
6) Number of Experiment Sequences Per Mission. Not 
defined 
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6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Laser range finder 
and theodolite 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Lunar Surveying Staff Tracking 
Mechanism (LSSM subsystem) 
b) Size Stored: 30X13X45 or 30X30X25 
(40,050 cm 3), [3] (Table 2-1) 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 22. 8 kg 
e) Size Operating: Not defined 
f) Pressurized or Unpressurized (operating ): 
Unpres surized 
g) Frequency Spectrum: Range information rate is 
11 bits / sec (minimum), and angle information 
rates are 14 bits/ sec (minimum). (These rates 
do not include identification and time reference. ) 
h) Resolution: Range, ±O. 03 meters or better; 
azimuth, ±O. 34 minutes of arc or better; elevation, 
±O. 34 minutes of arc or better. 
i) Pointing Accuracy: Not defined 
2) Description of Following for Component: 
a) Equipment Name: Lunar Surveying Staff Tracking 
Mechanism, Staff Subsystem (this is a reflector 
for returning the laser beam to the LSSM). 
b) Size Stored: Unknown 
c) Pressurized or Unpressurized (stored): Unknown 
d) Weight: Unknown 
e ) Si ze Ope rating: Unknown 
f) Pressurized or Unpressurized (operating ): 
Unknown 
g) Frequency Spectrum: Unknown 
h) Resolution: Unknown 
i) Pointing Accuracy: Unknown 
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c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Astronaut voice information with common time marker 
d . Ancillary Equipment: Unknown 
e. Required Development 
1) Principal Apparatus Requiring Development: A special 
purpose laser and theodolite tracking system to meet 
the specified requirements . 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 30 months for flight hardware 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: An optical guidance system for 
rendezvous has been developed and demonstrated at 
Marshall Space Flight Center. This work was per-
formed by ITT under Contract No. NAS8-ll673. A 
precision optical tracker for launch vehicles is being 
developed at Marshall Space Flight Center, Astrionics 
Laboratory, Research Branch. 
7 . INTERFACES 
a. Proposed Experiment Location: In the near vicinity of the 
LSSM 
b. Instrument Orientation and Stabilization: Not defined 
c. Access Requirements: Unknown 
d. Environmental Requirements: Active and/ or pas sive 
envi ronmental control 
e. Power Requirements 
1) Average Power and Time Duration: 40 watts, non-
continuous operation 
2) Peak Power and Time Duration: Not defined 
3) Standby Power and Time Duration: Not defined 
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8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Form of Data to be Collected: Digital outputs from the 
range, azimuth, and elevation subsystems 
b. Data Characteristics 
1) Range of Measurements: See table below. 
Range Readings and Resolutions 
Minimum Range Reading 
Maximum Range R eading 
Range Resolution 
Minimum Azimuth Reading 
Maximum Azimuth Reading 
Azimuth Re solution 
Minimum Elevation Reading 
Maximum Elevation Reading 
Elevation Re solution 
10 meters 
500 meters 
±O. 03 meters 
0 0 
360 0 
±O. 34 min of arc 
_50 
+30 0 
±O. 34 min of arc 
6 bits 
11 bits 
1 bit 
14 bits 
9 bits 
11 bits 
2) Accuracy: Range, ±0.3 meters; azimuth, ±3.4 min 
of arc; elevation, ±3 .4 min of arc 
3) Frequency Response: Range, 11 bits/sec (minimum); 
azimuth, 14bits/sec (minimum); elevation, 11 bits/sec 
(minimum) 
4) Output Impedance(s ): Not defined 
c. Expected Data Activity: The rate-of-change of range, 
azimuth, and elevation will be small (range rate approxi-
mately 176 H/ sec). When the astronaut is standing still, 
these rates are zero. 
d. Selective Monitoring: When range, azimuth, or elevation 
information is not needed, the tracking system data output 
can be interrupted. 
e . Data Preprocessing: Unknown 
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9. SUPPLEMENTARY INFORMATION 
a. Discus sion of Facilities and Procedures Needed for This 
Experiment: An earth- based data handling and analysis 
facility should be established as an integral part of the 
Apollo field exploration system. This facility is to per-
form data compilation and analysis for real time mission 
support and for post-mis sion analysis . The facility will 
record all scientific data obtained during a mission. 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Lunar Surveying Staff Orientation Mechanism 
2. APPLICATIONS/ TECHNICAL AREA 
a. General Area: Geodesy/Cartography 
b. Detailed Category: Mapping 
c. Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [9] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
I) Specific Objective and Purpose: The Staff orientation 
mechanism will automatically transmit to the LSSM by 
means of the VHF video and telemetry (relay) trans-
mitter on the Staff, the tip, tilt, and pointing azimuth 
of the Staff at least once per second and in synchro-
nization with the shutters on the Staff cameras. Each 
angular reading will be made to an accuracy of ±30 
minutes to permit precise photogrammetric compilation 
of the images obtained by the Staff's cameras. 
2) Significance and Import of Expected Results: In con-
junction with the Staff tracking subsystem, the orienta-
tion mechanism will provide the primary geometric 
control for camera images and the astronaut's descrip-
tions and samples. It may also be used to measure the 
directional properties of rock formations or the attitudes 
of the bed(s). 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The scientific functions 
of the Surveying Staff orientation mechanism can be 
accomplished by an array of photocell sensors on a 
sun compass and a vertical meter that measures tip and 
tilt relative to the local gravity vector. It will also be pos-
sible to develop a gyroscopic orientation subsystem if 
operational considerations indicate its desirability. 
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b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Orientation of the Surveying 
Staff: tip and tilt with respect to the local gravity 
vector and azimuth with respect to sun compas s 
bearings. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Azimuth, 0 to 360 0 ±30'; tip and 
tilt, +90 to -90 ±30'. All three angles to be measured 
once per second in synchronization with the Staff 
camera shutter. 
c. Deployment 
1) Preferential Location or Type of Location on 
Lunar Surface: Wherever astronaut traverses on 
foot 
2) Preferential Lunar Phase: Day 
3) Location(s) Relative to LEM/ She lter Where Experi-
ment is to be Performed: To be an integral part of the 
Surve ying Staff 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Handcarried by the astronaut on the lunar 
surface 
d. Supporting Expe rime ntation 
1 ) Any Requir e ment for Support by Simultaneous Earth/ 
Lunar / Space Obs e rvations or A c tivities: Staff Tracking 
Mechanism (See e. 1 ). ) 
2) Any Requirement for Prerequisite Earth/ Lunar / 
Space Experimentation: (See e . 1). ) 
3) Common Equipment: Staff VHF telemetry package 
common to all Sta ff subs ys tems (se e Figure 1). 
4) Time Sequence Relationship: Unknown 
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Figure 1, Lunar Surveying Staff Concept [9] 
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e. Experiment Continuity and Relationship to Other Efforts 
I) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: To be 
used in conjunction with the Lunar Staff tracking sub-
system. This system will provide automatic readout 
at the LSSM for azimuth arid elevation angle of the 
Surveying Staff within 3.4 minutes of arc or better, 
and range to the Staff within ±o. 3 meters. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: The development of a similar 
orientation mechanism which is part of a Lunar Sur-
veying Staff is recommended for the early Apollo 
missions. [9] 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Unknown, a function of the extravehicular activity. 
2) Interval Between Operational Periods : Unknown 
3) Total Duration of Experiment: Unknown 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: Unknown 
d) Experimentation: Unknown 
2) Crew Procedure s Required: Unknown 
3) Crew Skills Required: Familiarity with the operation 
of the equipment. 
4) Importance of Astronaut Participation: Instrument to 
be handcarried and operated by the astronaut, e. g. , 
orientation of Staff. 
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5) Crew Time Per Operational Sequence: Unknown 
6) Number of Experiment Sequences Per Mission: 
Unknown 
6. APPARATUS DESCRIPTION 
a. Propo s ed Methods of Measurement: Include an array of 
photocell sensors on a sun compass and a vertical meter 
that measures tip and tilt relative to the local gravity 
vector. The sensor outputs are automatically encoded and 
telemetered to the LSSM by the Staff's VHF transmitter 
(the VHF video and telemetry relay). 
b. Apparatus Description 
I) Description of Following for Component: 
a) Equipment Name: Orientation Mechanism 
b) Size Stored: Compatible with Surve ying Staff 
c) Pressurized or Unpre s surized (stored): 
Unknown 
d) Weight: Sun compass, vertical meter, and 
telemetry encoder have a maximum weight of 
0 . 3 kg . 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unknown 
g) Frequency Spectrum: Unknown 
h) Resolution: Each angular reading will be made 
to an accuracy of±30 minutes. 
i) Pointing Accuracy: See h) above. 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance'the Experiment: 
Unknown 
d . Ancillary Equipment: The incorporation of visual readout 
of the Staff orientation data or of simple, auxiliary sur-
veying instruments into the Surveying Staff will increase 
the flexibility of the astronaut's investigations . 
The ancillary orientation instruments are as follows: sun 
compass, pendulum clinomete r, two-axis level on sun 
compass dial, stadia markings on Staff of 20 cm and 2 cm 
intervals. 
I) Equipment Name: Ancillary Orientation Instruments 
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2) Equipment Size Stored: Unknown, but the location, 
mass and volume must be compatible with Staff con-
cept and visibility to the astronaut . 
3) Electrical Characteristic s: None 
4) Weight: See 2) above. 
e . Required Development 
I) Principal Apparatus Requiring Development: The 
Staff tracking and orientation mechanisms form an 
integrated position and attitude system for the Staff. 
They may be developed either under separate con-
tracts, or as parts of a single development contract. 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 8 - 12 months 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Unknown 
7. INTERFACE 
a. Proposed Experiment Location: Compatible with Staff 
concept 
b. Instrument Orientation and Stabilization: Tip and tilt 
from +90 0 to -90 0 ±30'. Azimuth (uncorrected) from 
a sun compass from 0 0 to 360 0 ±30' . 
c. Acces s Requirements: Must be within line of sight of the 
LSSM. 
d. 
e . 
Environmental Requirements: Active and/ or passive 
environmental control 
Power Requirements: Maximum power requirements of 
about 2 watts 
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8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Form of Data to be Collected: Azimuth, tip and tilt data 
are digitized and telemetered to the LSSM. These data 
will vary as a function of the Staff's spatial position. 
b. Data Characteristics 
1) Range of Measurement: 
Minimum Azimuth 
Maximum Azimuth 
Azimuth Resolution 
Minimum Tip 
Maximum Tip 
Tip Resolution 
Minimum Tilt 
Maximum Tilt 
Tilt Resolution 
0 0 
360 0 
±30' 
0 0 
±90° 
±30' 
0 0 
±90° 
±30' 
1 bit 
10 bits 
1 bit 
9 bits 
1 bit 
9 bits 
2) Accuracy: Azimuth, ±30'; tip, ±30'; tilt, ±30' 
3) Frequency Response: Azimuth, 10 bits/sec; tip, 
9 bits/sec; tilt, 9 bits/sec 
4) Output Impedance(s): Not defined 
c. Expected Data Activity: The three quantities being measured 
are a function of the astronaut's activity. Under most cir-
cumstances the rate of change will be small and when the 
astronaut and Staff are stationary the rate of change for each 
is zero. 
d. Selective Monitoring: The astronaut(s) can interrupt the 
transfer of data when azimuth, tip and tilt information are 
not needed. 
e. Data Preprocessing: Unknown 
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9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
ExperiInent: 
1) Preflight Period: Unknown 
2) Data Acquisition Period: An earth-based data handling 
and analysis facility will be required for real-time 
mission support and for post-mission analysis . The 
facility will record all scientific data obtained during 
a mission. 
3) Postflight Analysis Period : Same as 2) above 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TIT LE: Synoptic Imag ery Measurements 
2 . APPLICA TIONS/ TECHNICAL AREA 
a. General Area: Geodesy/ Cartography 
b. Detailed Categor y : Photography 
c. Other Interested U. S . Agencies: U . S. G. S . 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts : Unknown, [1], [2] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To obtain images of 
a portion of the lunar surface which exhibit: (1) suf-
ficient spatial resolution to determine surface texture 
and structure, and (2) hig h sensitivity (contrast) to 
differentiate between geological feature s . 
2) Significance and Import of Expected Results: Two-
dimensional spatia l distribution of luminance tones 
are the basic data from w hich three -dimensional 
shapes, surface t e xtur e s, patterns, and surface 
reflectance features can be derived. From spatial 
configurations, t e xture, pattern, and reflectance , 
geological and g eoph ysical determinations can be 
made which will prov ide the g round truth along the 
traverse . 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The basic principle 
of synoptic measurement is that of conventional frame-
by-frame photograph y or TV imagery. The instrument 
used must produce a spatial distribution of tonal values 
representing the luminance distribution of the original 
scene. 
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In addition to visible range coverage, intermediate 
band coverage (spectral bandwidth 300-1000 A) is 
also a pos sible technique. Multiband photographic 
sensors have been successfully used in terrestrial 
mapping and survey programs, and multisensor air-
borne cameras with up to nine sensor bands are 
operational. For terrestrial imaging functions, multi-
band photography has proved to be reliable, accurate, 
and simple. Although spectroradiometric instrumen-
tation will be provided to measure spectral reflectances 
over the entire UV, visible, and near IR regions, these 
data are obtained only for small spatial locations with 
little spatial discrimination capability. It has been 
demonstrated that significant color contrasts do exist 
in the lunar maria (G. Coyne, Astron. J., ~, 49, 
1963), and other evidence indicates that certain spectral 
regions may provide important structural and compo-
sitional information. 
Photographs of terrain will be made from the Lunar 
Scientific Survey Module (LSSM). The system will 
operate automatically while the vehicle is in motion. 
A television camera boresighted with the photographic 
system and monitored aboard the LSSM will allow the 
astronaut to aim the system at objects of interest while 
the vehicle is stopped. Image motion compensation 
will be required during the automatic phase to prevent 
loss of resolution. Remote determination of scenes to 
be photographed may be provided by means of real time 
transmission of TV images to the Mission Control 
Center on earth. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Two-dimensional distribution 
of surface luminance from which surface shapes, textures 
and reflectance maybe determined. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Spatial resolution required to 
measure each of the surface parameters is as follows: 
texture, O. 001 meter to 3.0 meters; structure, 0.01 
meter to 30 meters; element definition, 0.1 meter to 
300 meters. 
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c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: As many types of formations as pos-
sible should be photographed. 
2) Preferential Lunar Phase: Photographs must be made 
during lunar day with some constraints on incidence 
and reflectance angles. 
3) Location{s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Selected photography along 
the route traveled by the LSSM, and selected photography 
at each stop planned for the LSSM. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: LSSM 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: There is a 
pos sible reque st for real-time transmis sion of TV to 
Mission Control Center. 
2) Any Requirement for Prerequisite Earth/ Lunar /Space 
Experimentation: The photographs taken from unmanned 
and manned lunar orbiter missions may aid in determin-
ing the most desirable area along the traverse to be 
considered. 
3) Common Equipment: The systems for synoptic and 
point detector imagery measurements are to share the 
same gimballed platform, TV system, and flying spot 
scanner. 
4) Time Sequence Relationship: Synoptic images will be 
taken simultaneously with point detector images for 
later correlation. 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Surface 
emissivities, reflectances and temperatures as a function 
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of location, type of terrain, solar incidence angle and 
emissivity or reflectance angle are desired (s ee Table 1). 
This experiment, along with the Point Detector Imagery 
Measurements Experiment, will provide these data if time 
and spatial correlations of the measurements can be made. 
For this reason, all instruments for these two experi-
ments will be mounted on a common platform, aligned 
for identical fields of view and exposed simultaneously 
(see Figure 1). 
Photographic system(s) have been recommended for un-
manned lunar orbiters and manned lunar orbiters which 
will have the capability of providing significant increase 
in knowledge of lunar geodesy and cartography. Surface 
photographs should be correlated with those taken from 
lunar orbiters in order to deduce the properties of large 
unexplored areas from detailed knowledge of small 
surface areas. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: The Lunar Surveying Staff 
television system which is recommended for early 
Apollo missions has similar requirements. 
The flying spot scanner being developed for the lunar 
orbiter is similar to that proposed for synoptic imagery 
measurements. 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
System operates continuously during LSSM traverse 
(100% duty cycle). System operates manually at dis-
cretion of astronaut when LSSM stops (estimated 5% 
duty cycle). 
2) Inte rval Between Operational Pe riods: Not Applicable 
3) Total Duration of Experiment: Depends on astronaut 
activity 
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TABLE 1 
AUXILIAR Y SUPPOR T INSTRUMENTATION [2] 
Parameter Measured or 
Function Performed 
Time of measurement 
Count of exposures/scans 
Sun position angle 
(azimuth, elevation) 
Total solar irradiance 
Spectral Bolar irradiance 
Vehicle orientation 
Stable Bensor mounting 
Optical axis spatial location 
Capability for variable positioning 
optical axis 
Visual determination of system 
FOV by astronaut 
Distance travelled along 
traverse 
V / R Signal for IMC 
Stadia metric calibration for 
stereo 
Photometric calibration for 
photometry 
Calibration for radio mete r, 
spectroradiomete r, inter-
ferometer spectrometer 
Instrumentation 
Required 
Chronometer 
(incorporated in 
r;amera 1) 
Mechanical counter 
(incorporated in 
camera 1) 
Z sun sensors 
Solar photocell 
(spectroratiometer --
in earth or moon orbit-
ing OSO-type vehicle) 
Position gyros 
(aboard vehicle) 
Optical platform 
2 gimbal readout devices 
2 axis gimballing 
Bo re si ghted teles cope 
on T V (monitor in 
vehicle) 
Odometer (aboard 
vehicle) 
v / R sensor (speed-
ometer readout; 
aboard vehicle) 
Pre- calibrated film 
Pre- calibrated film 
Calibration standards, 
incorporated in 
instruments 
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Degree of 
Accuracy 
Required 
±O.l sec 
±O.o l 
±O.lo/. 
±O.l% 
±O.o l 
o 
±O. 1 
± 10 cm 
± 1 fps 
±8% 
±1% 
Auxiliary 
Instr 
Required 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
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Figure 1. Functional Block Diagram and Possible Design Configuration [2] 
-<.. 
'. 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: Aim cameras as required 
d) Experimentation: See 5. b. 2). 
2) Crew Procedures Required: Two modes of measure-
ment are proposed, periodic and manual. The periodic 
mode is used for general , complete coverage along the 
traverse, with an exposure sequence automatically pro-
grammed for some previously defined interval, as 
determined by some type of odometer. All cameras are 
boresighted to be centered on exactly the same field of 
view, and exposures are initiated simultaneously. For 
a 4-camera system (2-camera stereo system) all 4 ex-
posures are taken at the same position. For a 3- camera 
system, the 4th e x posure (to provide stereo coverage) is 
taken at some later time determined by FOV, vehicle 
speed, and desired percent overlap of the two frames. 
This mode is completely automatic and is initiated at 
the start of a period of travel by the astronaut switching 
the system to the automatic mode. 
The manual mode is used when the vehicle is at a station, 
or when specific objects are observed which the astronaut 
wishes to measure. In this mode, the astronaut must aim 
the instrument packag e, b y means of a miniaturized 
closed-circuit TV system boresighted with camera 1 so 
that it covers the desired target area. This aiming can 
be easily accomplished by a c tuating the servo motors on 
the gimballed camera platform. The operation proceeds 
according to Table 2 on the following page. 
3) Crew Skills Required: See Table 2. 
4) Importance of Astronaut Participation: See Table 2 . 
5) Crew Time Per Operational Sequence: See Table 2. 
6) Number of E x periment Sequences Per Mission: 
Variable 
1.1.5 . 7 
TABLE 2 
OPERA TIONAL SEQUENCE 
1. Astronaut engages manual 
mode which automatically 
turns on TV monitor 
2. 
3. 
Astronaut presses servo 
controls to aim TV camera 
at desired target area 
Astronaut exposes cameras 
(which then automatically 
move film to next frame) 
4. Procedures 2 and 3 are 
repeated until all target 
areas of interest are 
measured 
5. System put on standby until 
traverse is resumed when 
it is put into periodic mode 
Total Time 
2 sec + warmup 
lOto60sec 
per scene 
2 sec 
2 sec 
4 sec plus 
N X (12 to 62 sec) 
where N = number of target areas photographed. 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Photography is the 
best developed technique for survey and cartographic 
purposes. Its advantages are ease of operation, famili-
arity, long development background for methods, and data 
gathering capability . Its disadvantage is the need to pro-
cess the film and to provide remote readout for telemetering 
the imagery to earth. Either stereo or monoptic systems 
can be used - stereo having the advantage of far more com-
plete terrain determination, but at the expense of doubling 
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the system complexity. Recent studies have shown that 
due to the unusual photometric properties of the lunar 
surface layer, monoptic photography can provide very mis-
leading information about surface morphology. 
Three cameras covering the IR, visible and UV bands will 
be utilized. A fourth camera identical to the one covering 
the visible band would provide simultaneously stereoscopic 
coverage. Othe rwise, sequential exposures with prepro-
grammed overlaps will be required. The important charac-
teristics for each camera are given below: 
Camera Response Film Field of Spatial 
Format View Dimension 
1 Broadband 70-mm 60° Stereo 
2 O. 2/-1 to 0.4/-1 70-mm Monoptic 
3 0.65/-1 to 0 .85 /-1 70-mm Monoptic 
b. Apparatus Description: A single package of instruments 
for synoptic and point detection imagery measurements has 
been proposed [2]. Table 3 provides the apparatus de-
scription. Items marked with an asterisk are those required 
for the synoptic imagery measurements. 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
See 4. e. 1) and Table 1. 
d. Ancillary Equipment: Ancillary equipment is common to the 
synoptic and point detection imagery measurements. This 
equipment is listed in Table 1 . 
e. Required Development 
1) Principal Apparatus Requiring Development: Cameras 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 12- 24 months 
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TABLE 3 
COMBINED INSTRUMENT PACKAGE [3] 
Mass Dimensions Power 
Instruments lli.g) (cm) (watts) Model Selection 
70mm Pulse-TYEe Camera 
#1 (spectral reference and 
#1 stereo),:' 3. 1 10X22X17 75 Itek 70mm DIN 
+ magazine (modified) 
#2 {UV)':: 2.5 10X22X17 75 Itek 70mm DIN 
#3 {IR)':: 2.5 10X22X17 75 Itek 70mm DIN 
#4 {2nd stereo)':: 2.7 10X22X17 75 Itek 70mm DIN 
+ magazine (modified) 
SEectroradiometer 10.0 45X26X15 50 P-E SG-4 
t45X54X19 (modified) 
Interferometer SEectrometer 4.0 8.13X16X16 10 Block I-4T 
(modified) 
TV (includes disElay)':' 5. 0 15X20X28 25 GEC ED 6038 
t15X15X20 (SONY Monitor) 
Radiometer (3-channel) 7.0 16.5X24X21 20 Block E-9B 
or P-ll 
Flying SEot Scanner':: 9. 1 15X15X25 20 
Auxiliary Equipment 5.0 See Table 1 
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3) Current Status of Experiment, Especially Present 
State-of-the-Art: Cameras are presently available 
which meet most operational requirements but the y 
must be modified to withstand the lunar temperature 
and vacuum environment. Additional film capacity 
must be provided and an optical system which trans-
mits UV must be developed. 
7. INTERFACES 
a. Proposed Experiment Location: The instrument package 
should have a maximum unobstructed view and should 
therefore be located as high as possible on the LSSM. 
b. Instrument Orientation and Stabilization: The platform 
orientation accuracy requirement is ±O. 1 0 about each axis. 
c. Access Requirements: See a) above 
d. Environmental Requirements: Unknown 
e. Power Requirements 
l) Average Power and Time Duration: See Table 3. 
Z) Peak Power and Time Duration: Unknown 
3) Standby Power and Time Duration: Unknown 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: The photographic cameras 
will provide hundreds of feet of film which will all be re-
turned to earth for processing and reduction. A redundant 
capability is necessary for the film so a portion of the film 
data will be automatically processed in the system (using 
development web similar to that in the Itek Day/Night camera), 
then read out by a flying spot scanner system and handled as 
an electrical signal similar to the point detection electrical 
data. The readout device will be a flying spot scanner 
similar to that being used in the lunar orbiter; therefore, 
analog modulated signals will be telemetered for facsimile 
reconstitution at the ground station. 
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b. Data Characteristics 
1) Range of Measurement: 
Minimum Signal} 
Maximum Signal 
Size Resolution 
Grey Scale Resolution 
2) Accuracy: Overall 10% 
40 db dynamic range desired 
800 scan lines with 1: 1 aspect 
ratio 
16 shades 
3) Frequency Response: Information bandwidth 14.40 MHz 
(based on 800 scan lines with 1 : 1 aspect ratio, 15 frames 
per second and a factor of 1 . 5 for synchronization and 
filter shaping) . 
4) Output Impedance(s): Unknown 
c. Expected Data Activity: The required frequency response 
is determined by distribution and surficial nature of the 
materials on the lunar surface. Surface areas may contain 
large spots of a single color or shade while other areas may 
be constituted of small spots of differ e nt colors. The dis -
tribution of color will be affected by the position of the sun 
with respect to the lunar surface. 
d. Selective Monitoring: The astronaut will select the film 
images which are to be transmitted. 
e. Data Preprocessing: Not defined 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: None 
2) Data Acquisition Period: An earth-based data acquisition 
and tracking facility will be required during the time that 
real time TV pictures are to be transmitted over the 
S- band transmis sion system on the LSSM. This facility 
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should possess on-line display monitors, d a ta storage , 
recall and display of selected images, and real-time 
data processing capability . 
3) Postflight Analysis Period: It is recommended that 
consideration be given to the techniques and instruments 
required for the reduction of acquired data, and presen-
tation of these data in a useful form. 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Tidal Gravity Measurement 
2. APPLICATIONS/TECHNICAL AREA 
a. General Area: Geodesy/Cartography 
b. Detailed Category: Tidal Gravity 
c. Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [6], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To measure vari-
ations in the magnitude of lunar gravity as a function 
of time at a fixed position on the moon. 
2) Significance and Import of Expected Results: The 
tidal gravimeter will measure lunar tides. Recording 
the changes in gravity acceleration at a fixed station 
would be helpful in cor recting the gravimeter measure -
ments made by a portable instrument in a surface tra-
verse. The gross physical properties of the moon can 
also be derived from changes in acceleration data by 
comparing observed lunar tides with theoretical rigid 
body tides. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The tidal gravimeter, 
in principle, is similar to a very long period ultra-
sensitive vertical seismograph. It consists essentially 
of a cantilevered mass supported by a spring which 
balances the force of gravity and holds the system in 
an equilibrium position. A change in g shifts the 
equilibrium position and requires that the restoring 
force exerted by the spring be changed to return the 
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system to the original position. The system is 
restored to the original equilibrium position through 
a measuring screw and a system of levers. The 
minute change in g is then measured as a rotation of 
the measuring screw. Extreme sensitivities have 
been attained in instruments of this type built for 
recording tidal change s of g. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Evaluation of the principal 
lunar tides is practical. Monthly tides are in the 
order of 4 X 10- 1 milligals amplitude arising from 
changing distance and from the librations in latitude 
and longitude, and fortnightly tides are in the order 
of 6 X 10- 2 milligals amplitude and les s, in which the 
components arising from different causes reinforce 
each other at certain points to yield tides up to 
7 X 1 0- 2 milligal amplitude. Four earth-induced tides 
with periods of 27.55 days, 3l. 81 days, 14.76 days, 
and 13.78 days will be measured, and one solar tide 
of period 14.76 days will be measured. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: To obtain a sufficient number of 
readings to prepare a lunar tide table, it is necessary 
to take a minimum of approximately 12 readings over 
a pe riod of each lunar night. Detecting free oscillations 
requires a reading every minute. The present plans are 
to sample the gravimeter output frequently enough to 
obtain sufficiently complete data to measure all of the 
principal tides. An instrument capable of measuring 
lunar tides would require a sensitivity of 10- 2 milligals 
and a range of 200 gals. 
c. Deployment 
1) Preferential Location or Type of Location on Lunar 
Surface: Unknown 
2) Preferential Lunar Phase: Unknown 
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3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Location relative to the 
LEM/Shelter is not critical. The tidal gravimeter 
is deployed from the ESS. It should be mounted on a 
tripod and placed on a very stable lunar surface plat-
form or base. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Handcarried 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Data from 
the Lunar Libration Experiment (star tracker) will be 
used in conjunction with the gravimeter data. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment: Data processing by ESS 
4) Time Sequence Relationship: Not Applicable 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase R e quired to Satisfy Overall Objective: This 
experiment was not recommended for earlier missions 
due to the limite d information it yields on lunar interior. [16] 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Unknown 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Single continuous period 
2) Interval Between Operational Periods: Not Applicable 
3) Total Duration of Experiment: Maximum of 2 years 
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b. Crew Requirements and Procedures 
1) Estimation of Cre w Time Required For: 
a) Setup: Approximately 5 minutes total 
b) Checkout and Calibration: Approximately 5 
minutes total 
c) Standby: Not Applicable 
d) Experimentation: Unknown 
2) Crew Procedures Required: The deployment and 
initial adjustment require handling by the astronaut. 
3) Crew Skills Required: The astronaut must be trained 
in deploying and adjusting the gravimeter . 
4) Importance of Astronaut Participation: Although the 
instrument will have some s e lf-leveling capability, 
it will have to be emplaced so that it is not outside 
the self-leveling range. 
5) Crew Time Per Operational Sequence: Following 
initial adjustment, no additional crew time will be 
required. 
6) Number of Experiment Sequences P e r Mission: One 
6. APPARATUS DESCRIPTION 
a . Proposed Methods of Measurement: A compact, light -
weight gravimeter with characteristics similar to those 
of the Lacoste-Romberg Gravimeter should be used. 
b. Apparatus Description 
1) Description of Following for Component : 
a) Equipment Name: Tidal Gravimeter 
b) Size Stored: Estimated 25 X 25 X 25 cm 
c) Pressurized or Unpressurized (stored) : Unknown 
d) Weight: 3.2 kg 
e) Size Operating: Same as b) above not including 
tripod 
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f} Pressurized or Unpressurized (operating): 
Unpres surized 
g} Frequency Spectrum: dc 
h} Resolution: 0.010 milligal or less 
i} Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Star tracker observations 
d. Ancillary Equipment: None 
e. Required Development 
1) Principal Apparatus Requiring Development: Modified 
Lacoste-Romber g Gravimeter 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3} Current Status of Experiment, Especially Present 
State-of-the-Art: Several instruments currently in 
use have sensitivities within the required range and 
it appears that development of a compact lightweight 
adapt ion of the Lacoste-Romberg instrument is 
within the state-of-the-art. 
7. INTERFACES 
a. Proposed Experiment Location: At ESS 
b. Instrument Orientation and Stabilization: Instrument should 
be mounted on rigid (tripod) support upon solid lunar surface 
base; automatic leveling is required. 
c. Acces s Requirements: Firm contact with lunar surface is 
necessary. 
d. Environmental Requirements: The instrument should be 
protected from direct micrometeorite bombardment. 
Ambient temperature range is +lOO°C to -166°C; ambient 
pressure range is vacuum to 1 atmosphere. Internal 
temperature of the instrument must be thermostatically 
controlled. The instrument must withstand launch and 
landing accelerations and should be caged until deployed. 
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e. Power Requirements 
1) Average Power and Time Duration: 5 watts continuous 
for duration of ESS mission. 
2) Peak Power and Time Duration: Same as 1) above. 
3) Standby Power and Time Duration: Not Applicable 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Unknown 
b. Data Characteristics 
1) Range of Measurement: 200 gals; resolution, 0.01 
milligals 
2) Accuracy: 1% 
3) Frequency Response: dc 
4) Output Impedance(s ): Unknown 
c. Expected Data Activity: Se e 4. b . 1). 
d. Selective Monitoring: Not Applicable 
e . Data Preprocessing: Unknown 
9. SUPPLEMENTARY INFORMA TION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Lunar Libration (Star Tracker) 
2. APPLICA TIONS/ TECHNICAL AREA 
a. General Area: Geodes y/ Cartography 
b. Detailed Category: Lunar Librations 
c. Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of ExperiITlent: Public dOITlain 
b. All Other Contacts: Unknown, [6], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: Measure the ITloon's 
librations with greater precision than is now possible 
frOITl the earth. Aid in interpretation and evaluation 
of the data obtained by the tidal graviITleter. Obtain 
precision site location readings for ESS in a space-
fixed coordinate systeITl. 
2) Significance and IITlport of Expected R esults: The 
increase in accuracy which could be achieved by 
lunar-based ITleasureITlent of librations is the ratio of 
ITlean earth-ITloon distance (3.844 X 10 5 kITl) to the lunar 
radius (1. 738 X 10 3 kITl), a factor of about 220. 
For the evaluation of tidal graviITleter data the star 
tracker would be quite us eful in two ways: (1) The 
tidal graviITleter would be expected to obtain data on 
gravity variations at ESS caused by variations in the 
ITloon-earth distance and by lunar librations. Since 
the star tracker would obtain independent libration 
data, a cOITlparison of the data for the saITle tiITle and 
location would enable interchecking of the two sets of 
data and would assist in separation of the gravitational 
cOITlponents due to the two effects. Elastic vibrations 
of the lunar body are additional influences on both 
instruITlents. (2) By continuous observation of fixed 
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stars, the star tracker would record changes in 
direction of the local vertical (zenith direction) by 
measuring departures from the initial vertical of the 
instrument (a fix e d line in the instrument which is 
mounted on a stable platform might also be used as a 
reference direction). This direction data, coupled 
with the gravity magnitude data obtained by the tidal 
gravimeter, which automatically adjusts to or records 
the local gravity direction would yield lunar gravity 
direction as well as magnitude. 
Finally, by the use of fixed- star sightings and addi-
tional sightings of other planets such as the earth, 
Mars, etc., the star tracker could be used for pre-
cision location of the ESS site in space-fixed coordi-
nates. (Such precision data could, in turn, be used 
for navigation on the lunar surface.) The star sightings 
can be analyzed to yield changes due to librations of 
the moon about its own axes. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The star tracker 
makes precise elevation angle (in a vertical plane) 
and azimuth angle (in a horizontal plane) measure-
ments of several fixed stars. The angles are meas-
ured relative to two fixed axes in the instrument which 
is mounted upon a stable platform . The two fixed axes 
may be initially vertical and horizonta l (in celestial 
horizon plane). One possible sensing method involves 
an optical lever (a light beam reflected from a small 
mirror on the star tracker angle adjustment mecha-
nism to produce a magnified reading on a scale some 
2-5 meters distant). Another method, more compact 
and perhaps simpler than the optical lever arrange-
ment, would use a precision potentiometer which 
routinely measures dc voltages to a few parts per 
million. The latter type reading could be readily 
digitized for convenience in telemetry from the ESS. 
b. Measurements and Data 
1) Particular Phenomena and Characteristic s to be 
Observed and Measured: Lunar librations are 
generally divided into two groups, optical and 
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physical. Both the optical and the physical librations 
are divided into latitude and longitude types. 
The optical libration in latitude is a consequence of 
the fact that the rotation axis of the moon is inclined 
about 6 degrees, 41 minutes to the plane of the moon's 
orbit. Since the moon's axis remains space-fixed as 
it revolves about the earth, a point near the moon's 
equator would appear to undergo latitudinal oscillations 
with a period of about 27.2 earth days when viewed 
from earth. Also, small segments of the moon at the 
upper and lower edges of the lunar disc appear and 
disappear from view, again with a period of about one 
month. The full cycle of all the latitudinal librations 
is about 18-2/3 earth years. The opticallibration in 
longitude results from the fact that the moon rotates 
about its axis at a constant rate (period of about 27. 5 
earth da ys) but revolve s around the earth with incon-
sistent rate. (The earth-moon radius vector sweeps 
out equal areas in equal times.) The combination of 
constant rotation rate with variable revolution rate 
produce s the longitudinal libration of amplitude about 
7 degrees, 45 minutes . 
Thus both optical librations have nearly the same 
period (about 27.5 days) and essentially the same 
amplitude (about 7 degrees of angle). The angular 
displacement of 7 de gree s amounts to a distance of 
about 500 km, on each side of the zero displacement 
position, at the lunar equator. 
The physical librations of the moon are related to its 
elastic behavior and shape, and are defined in terms 
of the three Love numbers, h, k, 1; hand k are related 
to the horizontal and vertical tidal displacements which 
affect the tidal potential, and 1 is related to the change 
in tidal potential produced by the elastic deformations. 
The physical librations are much smalle r in amplitude 
than the optical and have longer and different periods; 
the physical latitudinal libration has an amplitude of 
about O. 04 degrees and a period of about 5. 7 years; 
the physical longitudinal libration, an amplitude of 
about O. 02 degrees and period of about 1 year. The 
angular displacement of O. 02 degrees amounts to a 
distance of about O. 5 km along the lunar surface. 
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2) Resolution Needed to Successfully Observe the 
Phenomena Above: The four types of libration just 
discussed range in amplitude from about 0 . 02 to 7 
degrees and in period from about 28 days to 6 years. 
As suming that it is neces sary to measure O. 1 of the 
smallest amplitude, angles of 0.002 degrees or about 
7 seconds would be necessary with the lunar-based 
star tracker . This resolution seems feasible since 
O. 1 second of arc is planned for the Orbiting Astro-
nomical Observatory (OAO). It is noted that 7 seconds 
and O. 1 second of arc are equivalent to about 50 meters 
and O. 7 meter, respectively, along the lunar surface . 
If 1 second of arc is accepted as the desired resolution 
for the star tracker, and a range of 180 degrees and 
360 degrees for the elevation and azimuth angles, 
respectively, the required corresponding precisions 
in angular measurement are 1 part in 650, 000 and 1 
part in 1,200, 000, approximately. Such precision is 
considered attainable. 
The star tracker should be operated on a continuous 
basis so that libration displacement versus time can 
be obtained with sufficient detail to permit possible 
identification of the various component oscillations 
w h ich are present in the total body motion of the moon. 
At ESS an instrument sensor can be sampled every 10 
seconds. 
c. Deployment 
1 ) Particular Phenomena and Characteristics to be 
Observed and Measured: Unknown 
2) Preferential Lunar Phase: Unknown 
3 ) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: At ESS 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Handcarried 
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d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: Tidal 
c'! Gravity Experiment 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Means for orientation of instrument 
base. 
3) Common Equipment: Star tracker could share a common 
base with the tidal gravimeter. 
4) Time Sequence Relationship: Simultaneous 
e. Experiment Continuity and Relationship to Other Efforts 
1 ) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Data 
from the star tracker may be used in navigation cal-
culations for traverses of the lunar surface. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Orbiting Astronomical 
Observatory has similar instrument. Data is of interest 
in relation to Early Lunar Orbiter and Manned Lunar 
Orbiter mis sions. 
5. OPERA TIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Single continuous operational period lasting several 
months. 
2) Interval Between Operational Periods: Not Applicable 
3) Total Duration of Experiment: Up to two earth years. 
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b. Crew Requirements and Procedures 
I) Estimation of Crew Time Required For: 
a) Setup : Approximately 30 minutes 
b) Checkout and Calibration: Not defined 
c) Standby: None 
d) Experimentation: None 
2) Crew Procedures Required: The star tracker must 
be placed upon the lunar surface at the ESS upon a 
solid and stable base. It may be necessary to prepare 
a platform and emplace it upon the lunar surface with 
driven spikes. 
3) Crew Skills Required: Instruction in emplacing and 
adjusting the star tracker. 
4) Importance of Astronaut Participation: None after 
initial installation. 
5) Crew Time Per Operational Sequenc e : None 
6) Number of Experiment Sequences Per Mission: One 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Star tracker having 
capability of switching on command from one star sighting 
pattern to another. 
b. Apparatus Description 
I) Description of Following for Component: 
a) Equipment Name: Star Tracker 
b) Size Stored: Cylinder, 37 . 5 cm long, 25 cm dia. 
c) Pressurized or Unpressurized (stored): 
Unpre s surized 
d) Weight: 9 k g 
e) Size Operating: Same as b) above 
f) Pressurized or Unp r essurized (operating): 
Unpres surized 
g) Frequency Spectrum: dc 
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h) Resolution: Sampled every 10 seconds, maximum 
i) Pointing Accuracy: 1 second of angle in 180 0 
elevation and 360 0 azimuth. 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: The 
star tracker will be correlated closely with the tidal gra-
vimeter. The star tracker space location data, if obtained, 
should be correlated with the navigational instrumentation 
data. Established lunar coordinates necessary. 
d. Ancillary Equipment: None 
e. Required Development 
1) Principal Apparatus Requiring Development: With 
slight modifications, the star tracker being developed 
for the OAO program could be utilized for the ESS 
program. 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: One of the problems which must be 
solved by the instrument designer is the capability of 
the star tracker to switch from one star-sighting 
pattern to another since, in the complex motion of the 
moon in space, it will not be possible to fix always on 
the same set of stars. Such switching in star sighting 
can be performed by command from earth via MSFN 
using prepared maps or data on star fields seen from 
given locations upon the lunar surface as a function of 
time. 
7. INTERFACES 
a. Proposed Experiment Location: At ESS 
b. Instrument Orientation and Stabilization: The star tracker 
itself must not move relative to the lunar surface and so 
must be temperature controlled or temperature corrected. 
Perhaps a tripod mounting, with temperature sensors in 
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each leg, should be used. All readings would then be 
normalized to constant temperature lengths for each of 
the three tripod legs. If the optical lever method of angle 
setting magnification is used, the deflection scale traversed 
by the optical beam pointer must be fixed relative to the 
star tracker. 
c. Access Requirements: Unobstructed exposure to lunar 
sky required. 
d. Environmental Requirements: Thermal operating range 
-55 to 70°C; shielding from magnetic field required; must 
withstand launch and landing accelerations; caging required . 
e. Power Requirements 
1) Average Power and Time Duration: 16 watts, several 
months continuous. 
2) Peak Power and Time Duration: Same as 1) above 
3) Standby Power and Time Duration: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Magnified scale readings 
or variable resistance potentiometer . Two channels of 
angle measurement for each star being tracked. 
b. Data Characteristics 
1) Range of Measurement: See table below. 
Maximum Signal 
Minimum Signal 
Resolution 
Physical Units 
90° elevation 
360 azimuth 
o 
1 sec of arc 
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Electrical Units 
106 ohms 
106 ohms 
10 ohms (in cable) 
1 in 216,000 
2) Accuracy: 1% 
3) Frequency Response: Not Applicable . The device 
should have capability to change star patterns within 
five ll1inutes of the cOll1ll1and. 
4) Output Ill1pedance(s) : Less than 106 ohll1s 
c. Expected Data Activity: Probably each of three sensors 
will change stars three or ll10re till1es per ll1onth. Obser-
vations on each will be sampled every 10 seconds. 
d. Selective Monitoring: None 
e. Data Preprocessing: None 
9. SUPPLEMENTARY INFORMATION 
a. Discus sion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period : None 
2) Data Acquisition Period: Equipll1ent ll1ust be designed 
for protection from therll1al expansion to prevent 
errors. 
3) Postflight Analysis Period : Star tracker is active 
after ll1ission is cOll1pleted. 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Point Detector Imagery Measurements 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
General Area: Geology 
Detailed Category: Mapping of Temperature and Emis sivity 
Profiles 
c. Other Interested U. S. Agencies: U. S. G. S. 
3 . SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [1], [2] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To obtain measure-
ments of (1) total radiance integrated over a broadband, 
0.2 microns to 15 microns, as a function of time, 
photometric function, and albedo variations and 
(2) spectral distributions of radiance as a function of 
wavelength. 
2) Significance and Import of Expected Results: In the 
solar region (below 3 microns) the data collected will 
give the spectral reflectance and possibly clues to the 
geological composition of surface features. For the 
thermal region (between 4 and 15 microns), the spectral 
radiances can be used to provide surface spectral emis-
sivity and temperature values . With sufficiently high 
spectral resolution (approximately 5 cm -1 or O. 05 
microns at 10 microns), the IR spectral reflectance or 
emittance may be used to identify composition. 
In addition, the measurement of emissivities and 
temperatures of terrain whose structural composition 
can be determined otherwise will aid in interpreting 
thermal data acquired from an orbiting spacecraft. 
2.1.1.1 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Using the sun as a 
source of illuIT1ination, the energy eIT1itted by and re-
flected froIT1 points on the lunar surface will be detected. 
The paraIT1eters of interest for the experiIT1ent are the 
spectral radiant eIT1ittance, the spectral eIT1issivity, 
and the surface teIT1perature . Lunar teIT1perature 
IT1easureIT1ent froIT1 the location of the wavelength of 
IT1axiIT1uIT1 energy is not accurate, nor are two-color 
or integrated radioIT1etric techniques. To obtain 
accurate teIT1perature values, the spectral dependence 
of the eIT1is sivity IT1ust be considered, and this can be 
done directly by using a spectral energy IT1easuring 
instruIT1ent such as an interferoIT1eter-spectroIT1eter 
or spectroradioIT1eter . By IT1easuring the spectral 
radiant eIT1ittance, the variations in eIT1issivity as a 
function of wavelength can be deterIT1ined together with 
the teIT1perature. This procedure has been carried out 
in the laboratory on various IT1inerals and terrestrial 
rocks which IT1ay occur on the lunar surface and the 
requireIT1ents of the IT1ethod have been developed. 
A factor which IT1ust be considered is that the eIT1issivity 
of the lunar surface in addition to its wavelength depend-
ence, IT1ay have a directional dependence. Thus, if the 
surface has a non- LaIT1bertonian eIT1issivity, the norIT1al 
spectral eIT1issivity (taken norIT1al to the IT1aterial sur-
face, the usual IT10de used in acquiring laboratory data) 
will not be repre sentative of the spectral eIT1is sivity in 
SOIT1e other direction. This factor IT1ust be considered 
to provide accurate teIT1peratures. This property is 
undoubtedly present on the lunar surface, where the 
e IT1is sivity in the visible region is strongly direction 
dependent and non- LaIT1bertonian behavior has been 
qualitatively deterIT1ined in the 8 - 15p. region. Use of a 
total radioIT1eter will allow the spectral data to be cor-
rected for directional variations . This produces, as 
results, the spectral eIT1issivity, the teIT1perature, and 
inforIT1a tion on the directional dependence of eIT1issivity 
of terrain of known surface structure. 
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b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Total surface radiance from 
0.2 to 3.0 and 3.0 to 15 microns, and surface spectral 
radiance in narrow bands from 0.2 to 15 microns. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Total radiometers should be 
sensitive to luminance values from 0.25 foot-Iamberts 
to 1000 foot-Iamberts. Spectral radiance sensitivity 
requirements are not a limiting factor during the lunar 
day, and the requirements are far too great during much 
of the lunar night. Sensitivity will determine during 
what portion of the lunar night measurements may be 
made. The spectral resolution requirements in the 
UV visible region are not fully defined but are esti-
mated to be about loA. The spectral resolution in the 
IR region is about 0.05 microns at 10 microns (see 
4. a. 2). 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Measurements over as many types of 
lunar terrain as possible should be made. 
2) Preferential Lunar Phase: Measurements should be 
made over similar terrain at various times during the 
lunar cycle to obtain temperature profiles as a function 
of solar incidence angle. 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Periodic measurements 
should be made along traverse which the LSSM can 
negotiate and selected surfaces at each fixed experi-
mental location predetermined for LSSM. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: LSSM 
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d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: The instru-
mentation should be slaved to a camera described in 
the Synoptic Imagery Measurements Experiment for 
correlation of results with a photograph of the terrain. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Results should be correlated with 
measurements from lunar orbiter experiments to aid in 
interpretation of orbiter data . 
3) Common Equipment: Ancillary equipment is common 
with the Synoptic Imagery Measurements Experiment. 
4) Time Sequence Relationship: See 4. d . 1) and 4. e. 1). 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phas e Required to Satisfy Overall Objective: Surface 
emissivities, reflectances and temperatures as a function 
of location, type of te r rain, solar incidence angle and 
emis sivity or reflectance angle are desired . This 
experiment along with the Synoptic Imagery Measure-
ments Experiment will provide this data if time and 
spatial correlations of the measurements can be made . 
For this reason, all instruments for these two experi-
ments will be mount ed on a common platform, aligned 
for identical fields of view and exposed simultaneously 
(see Figure I) . 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commenc e: The Lunar Surveying Staff 
television system which is recommended for early 
Apollo mis sions has similar requirements . 
OPERATIONS 
a . Duty Cycle 
1) Expected Number and Duration of Operational Periods : 
System operates continuously during LSSM traverse 
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Figure 1. Functional Block Diagram and Possible Design Configuration [2] 
(100% duty cycle). System operates manually at dis-
cretion of astronaut when LSSM stops (estimated 5% 
duty cycle). 
2) Interval Between Operational Periods: Not Applicable 
3) Total Duration of Experiment: Depends on astronaut 
activity 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For : 
a) Setup : Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: Not Applicable 
d) Experimentation: See 2) below. 
2) Crew Procedures Required : Two modes of measure-
ment are proposed, periodic and manual. The periodic 
mode is used for general, complete coverage along the 
traverse, with an exposure sequence automatically 
programmed for some previously defined interval, as 
determined by some type of odometer. All cameras 
are boresighted to be centered on exactly the same 
field of view, and exposures are initiated simultaneously. 
For a 4-camera system (2-camera stereo system) all 
4 exposures are taken at the same position. For a 
3-camera system, the 4th exposure (to provide stereo 
coverage) is taken at some later time determined by 
FOV, vehicle speed, and desired percent overlap of the 
two frames. This mode is completely automatic and is 
initiated at the start of a period of travel by the astro-
naut switching the system to the automatic mode . 
The manual mode is used when the vehicle is at a station 
or when specific objects are observed which the astronaut 
wishes to measure. In this mode, the astronaut must aim 
the instrument package by means of a miniaturized closed-
circuit TV system boresighted with camera 1 so that it 
covers the desired target area. This aiming can be 
easily accomplished by actuating the servo motors on the 
gimballed camera platform. The operation proceeds 
according to Table 1. 
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TABLE 1 
OPERA TIONAL SEQUENCE 
1. Astronaut engages manual 
mode which automatically 
turns on TV monitor 
2. Astronaut presses servo 
controls to aim TV camera 
at desired target area 
3. Astronaut exposes cameras 
(which then automatically 
move film to next frame) 
4. Procedures 2 and 3 are 
repeated until all target 
areas of interest are 
measured 
5. System put on standby until 
traverse is resumed when 
it is put into periodic mode 
Total Time 
2 sec + warmup 
10 to 60 sec 
per scene 
2 sec 
2 sec 
4 sec plus 
N X (12 to 62 sec) 
where N = number of target areas photographed . 
3) Crew Skills Required: See Table 1. 
4) Importance of Astronaut Participation: See Table 1 . 
5) Crew Time Per Operational Sequence: See Table 1. 
6) Number of Experiment Sequences Per Mission: 
Variable 
2 . 1.1.7 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: The only measurement 
technique for total radiation is that of standard radiometry. 
Since two regions are of interest, the solar spectral region 
(below 3 microns) and the thermal region (about 4 microns), 
either two instruments or a two-channel instrument is re-
quired. The two-channel device is preferable because of 
the lesser size, weight and power. 
Various methods are available to perform the spectral 
radiance measurements. These include: (1) interference 
filter radiometry, (2) spectroradiometry (using dispersing 
element such as grating), and (3) interferometer spec -
trometry. 
The spectral reflectance and emittance measurements in the 
2000 A to 15 micron region can be performed by either a 
spectroradiometer or interferometer- spectrometer. Although 
interferometers have several definite advantages in the IR, 
and although a complete comparison of these two types of 
instruments is quite complicated, a fairly definitive case 
can be established for the use of each. 
The technique of measuring spectral radiance in the solar 
region (below 3f..L) can best be accomplished with dispersing 
radiometers. The sensitivity of available systems is more 
than adequate for the lunar daytime situation, so the increased 
sensitivity of the interferometer-type device is not necessary. 
There are, however, limitations to the use of the interferometer-
type device in the UV visible region. First, a reference line 
is used which is shorter in wavelength than the low wavelength 
end of the system spectral range. This would require a refer-
ence line with A < 2000 A, which is a difficult requirement. 
Second, because of the higher resolutions and shorter wave-
lengths of this region, greater stability is needed for the 
interferometer, which has not as yet been used successfully 
at such short wavelengths even in a laboratory environment. 
Third, in the visible region where the solar irradiance is at 
a peak, the system will be operating in a photon-noise limiting 
condition which greatly reduces the advantage of the interfer-
ometer type instrument as opposed to the detector-noise 
limited case. Fourth, large computing times are required to 
obtain re solution comparable with that obtained from grating 
devices, even in the near IR, and the situation is much worse 
for UV visible spectra. 
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In the long wavelength spectroscopic missions (3-15 microns) 
the spectroradiometer sensitivity becomes marginal dnd 
operation is much closer to a weak source condition. Thus, 
the detector noise limitation becomes significant and the inter-
ferometer is preferable. Also, reference line problems and 
stability of the system have been sufficiently resolved to per-
mit design and use of rocket-borne interferometer spectrome-
ters for this region of the electromagnetic spectrum. Here 
the resolution does present a design problem in that presently 
existing systems have a best resolution of 40 cm- I at 10 
microns, while certain functional requirements for this instru-
ment dictate 5 cm- l at 10 microns. This problem is being 
attacked by several design groups, and it is highly probable 
that the necessary resolution will be available in time. How-
ever, this spectral resolution requirement is needed only for 
lunar compositional analysis, and the actual specification for 
ground truth data need not be so stringent. In fact, a 20 cm- l 
spectral resolution at 10 microns would provide important 
spectral emis sivity data, as well as surface temperature, 
heat flow, and some crude compositional information. This 
order of resolution can be obtained by selectively modifying 
presently existing equipment. 
b. Experiment Apparatus Description: A single package of 
instruments for synoptic and point detection imagery meas-
urements has been proposed. [2] The apparatus description 
is provided in Table 2. Items marked with an asterisk are 
those required for the synoptic imagery measurements. 
c. Simultaneous Obser'.rations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
See 4.e.l) and 6. b.l). 
d. Ancillary Equipment: Ancillary equipment is common to the 
synoptic and point detection imagery measurements. This 
equipment is listed in Table 3. 
e. Required Development 
1) Principal Apparatus Requiring Development: Inter-
ferometer Spectrometer 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
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TABLE 2 
COMBINED INSTRUMENT PACKAGE [3] 
Mass Dimensions Power 
Instruments (kg) (cm) (watts) Model Selection 
70mm Pulse-TYEe Camera 
#1 (spectral reference and 
# 1 stereo)* 3.1 10X22X17 75 Itek 70mm DIN 
+ magazine (modified) 
#2 (UV)* 2.5 10X22X17 75 Itek 70mm DIN 
#3 (IR)* 2.5 IOX22 Xl7 75 Itek 70mm DIN 
#4 (2nd stereo»!c 2.7 1 OX22Xl7 75 Itek 70mm DI N 
+ magazine (modified) 
SEectroradiometer 10.0 45 X 26X15 50 P-E SG-4 
+45X54X19 (modified) 
Interferometer SEectrometer 4.0 8.13X16X16 10 Block 1-4T 
(modified) 
TV (includes disElayp:c 5 .0 15X20X28 25 GEC ED 6038 
+15X15X20 (SONY Monitor) 
Radiometer (3- cha nnel) 7.0 16.5X24X21 20 Block E-9B 
or P-ll 
Flying Spot Scanner* 9. 1 15Xl5X25 20 
Auxiliary EquiEment 5.0 See Table 3 
2.1.1.1 0 
TABLE 3 
AUXILIARY SUPPORT INSTRUMENTATION [2] 
Delree of Auxiliary 
Paramoter Mealured or In.trumentaUon Accuracy lnltr 
Function Performed Required Required Required 
.j 
1. Time of mealurement Chronometer .0. I aec x 
(incorporated in 
r.amera 1) 
Z. Count of expolurel/lcanl Mechanical counter -- x 
(incorporated in 
camera 1) 
3. Sun podtion angle Z Bun BenBorl .0.
0 1 x 
(azimuth, elevation) 
4. Total lolar irradiance Solar photocell :to. I'" 
5. Spectral lolar irradiance (Ipectro ratiometer -- :1:0.1'" 
in earth or moon orbit-
ing OSO-type vehicle) 
6. Vehicle orientation Position gyros :6:0. 0 1 
(aboard vehicle) 
7. Stable lenlor mounting Optical platform -- x 
8. Optical axb lpatial location l gimbal readout devicel :6:0.
0 1 x 
9. Capability for variable politioning Z axis gimballing -- x 
optical axil 
10. Vilual determination of Iyltem Boresighted telelcope -- x 
FOV by altronaut on TV (monitor in 
vehicle) 
11. r?htance travelled along Odometer (aboard :t 10 em 
traverle vehicle) 
IZ. VIR Signal for IMC V I R senaor (speed- :6: I {ps 
ometer readout; 
aboard vehicle) 
13. Stadiametric calibration {or Pre - calibrated film -- x 
ate reo 
14. Photometric calibration for Pre - cali brated film :1:8% x 
photometry 
15. Calibration for radiometer. Calibration atandarda. .1 '/. x 
.... 
Ipectroradlometer. inter. incorporated In 
fe rometer Ipectrometer inltrumentl 
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3) Current Status of Experiment, Especially Present 
State-of- the - Art: See resolution discussion in 6. a. l). 
7. INTERFACES 
a. Proposed Experiment Location: The instrument package 
should have a maximum unobstructed view and should there-
fore be located as high as possible on the LSSM. 
b. Instrument Orientation and Stabilization: The platform 
orientation accuracy requirement is ±O. 1 0 about each axis. 
c. Access Requirements: See a) above. 
d . Environmental Requirements: Unknown 
e. Power Requirements 
1) Average Power and Time Duration: See Table 2. 
2) Peak Power and Time Duration: Unknown 
3) St andby Power and Time Duration: Unknown 
8 . SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a . Form of Data to be Collected: Radiometer (2 channel) - analog 
signals corresponding to the total radiation reflected from the 
surface as a function of time. 
Spectroradiometer (1 channel) - analog signals proportional 
to the spectral distribution of the energy reflected or emitted 
from the surface as a function of wavelength (0.2 to 3 . 0jJ.) . 
Interferometer Spectrometer (1 channel) - Analog signals 
proportional to the spectral distribution of the energy re-
flected or emitt ed from the surface as a function of wave-
length (3 . 0 to 15. Ofi). 
TV System - A real-time analog signal which is proportional 
to the surface brightness within the TV camera's field of view 
(FOV). The analog signal will have the image format scribed 
to provide identification of image geometry superscribed at the 
appropriate time. 
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b. Data Characteristic s 
l) Range of Measurement: Radiometer (2 channel), 
spectroradiometer, and interferometer spectrometer 
Minimum Signal 
Maximum Signal 
Resolution 
TV System 
Minimum Signal 
Maximum Signal 
Size Re solution 
Grey Scale 
Resolution 
Physical Units 
O. 025 ft-lamberts 
lOOO ft-lamberts 
O. 1 % of reading 
5 ft-lamberts 
2500 ft-lamberts 
Not defined 
16 shades 
Electrical Units 
Not defined 
Not defined 
Not defined 
Not defined 
Not defined 
800 scan lines with 
a l: 1 aspect ratio 
Not defined 
2) Accuracy: Radiometer, spectroradiometer, and 
interferometer spectrometer, 1 %; TV system, 10% 
3) Frequenc y Response: Radiometer, 10Hz; spectro-
radiometer, 100 Hz (based on 1. 0 second scan rate and 
40 elements per scan); interferometer spectrometer, 
1000 Hz (based on O. 1 second scan rate and 40 elements 
per scan); TV system, real-time information bandwidth 
14.40 MHz (based on 800 scan lines with 1: 1 aspect 
ratio, 15 frames per second and a factor of 1 . 5 for 
synchronization and filter shaping) . 
4) Output Impedance(s ): Not defined 
c. Expected Data Activity: For the radiometer, spectro-
radiometer, and interferometer spectrometer, the data 
rates will not exhibit, in general, large fluctuations with 
time. 
For the TV system, the required frequency response is 
determined by distribution and surficial nature of the 
materials on the lunar surface. The distribution of color 
will be affected by the position of the sun with respect to 
the lunar surface. 
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d. Selective Monitoring: The astronaut will select the features 
for the stationary measurements and can select the TV 
pictures to be transmitted to earth if a real-time link is 
established. 
e . Data Preprocessing: Not defined 
9 . SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: 
I) Preflight Period: Unknown 
2) Data Acquisition Period: If real - time TV pictures 
are to be transmitted over the S-band transmission 
system, an earth- based data acquisition and tracking 
facility will be required. This facility should have 
on-line monitors, data storage , recall and display of 
selected images, and real-time data processing 
capability. 
3) Postflight Analysis Period: It is recommended that 
consideration be given to the techniques and instruments 
required for the r e duction of acquired data and presen-
tation of these data in a useful form . 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Sampling on the Lunar Surface 
2. APPLICATIONS/ TECHNICAL AREA 
a. General Area: Geology 
b. Detailed Category: Mineralogy and Petrology 
c. Other Interested U. S. Agencies: U. S. G. S. 
3 . SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [9], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1 ) Specific Objective and Purpose: Sampling provided 
by the astronaut during the lunar surface mis sion will 
provide materials for the determination of the petrologic 
and petrofabric details of the formations and fragmental 
debris of the lunar surface. These materials, obtained 
by the collection of bulk samples and numerous samples 
of small size, will permit the delineation of the distri-
bution and nature of both abundant and unusual minerals, 
elements, and textures. Selected samples should be 
oriented. 
Special purpose samples, some of relatively large 
size, also are to be collected as specified by other 
investigator teams. These include samples for both 
age determination and other geochemical studies; 
oriented samples for structural, geophysical, and 
geochemical studies; and samples for biological and 
formation atmosphere studies . 
2) Significance and Import of Expected Results: Taken 
together, the samples will provide information about 
the gross mineralogy, petrography, chemistry, and 
biology of the lunar surface. 
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3) Description of the Key Techniques and Scientific! 
Technical Approaches Required: While it is not 
possible to collect saITlples which satisfy the require-
ITlents of all potential inve stigator s, . ITlany kinds should 
be collected; and it will be necessary to collect saITlples 
for various specialized purposes. Techniques for aseptic 
handling and for storing the saITlples in a near lunar 
environITlent should be utilized. The stay tiITle for 
scientific ITlis sions is probably long enough that ITlore 
saITlples can be obtained than can be returned to earth. 
Therefore, diagnostic tools and techniques should be 
developed for optiITlizing the return saITlples. 
Bulk saITlples should be obtained of the surface ITlaterial 
which presuITlably is a weakly to strongly bonded porous 
aggregate of very fine particles . Also a suite of saITlples 
should be collected to represent the dOITlinant types of 
ITlaterial present. The selection of the se saITlples should 
be tied to estiITlates of the areal abundance of each saITlple 
type. Such representative saITlples ITlay be obtained either 
by collecting at specified intervals along a traverse or by 
selecting saITlples according to the distribution of observed 
geologic units. 
The" grab" saITlple is the third type of saITlple needed. 
Grab saITlples should consist of sITlall speciITlens (two to 
five graITls) of different kinds of forITlation. The selec-
tion of these saITlples will depend on the astronaut's 
judgITlent. 
For purpose of obtaining inforITlation of the orientation 
of forITlation texture or fabric it ITlay be necessary to 
obtain oriented saITlples. This can be accoITlplished by 
utilizing the technique s developed in the Lunar Surve ying 
Staff Orientation MechanisITl. 
Another type of saITlple is the core saITlple. It is de -
sirable to obtain oriented core saITlples froITl all the 
lunar core holes. See experiITlent 2.2.1. 
b. MeasureITlents and Data 
1) Particular PhenoITlena and Characteristics to be 
Observed and Measured: There are no ITleasureITlents 
involved in saITlpling as such, except perhaps of their 
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position and orientations which are discussed under 
Lunar Surveying Staff Tracking and Orientation 
Mechanisms, respectively. The samples themselves 
constitute the raw data which will be returned to earth 
for analysis. The analyses made on the moon should 
be of a discriminating type to determine which samples 
are to be returned to earth. (See, for example, experi-
ments 4. 1. 2. and 4. 1.4 . ) No effort should be spared to 
make sampling conform to the highest standards that now 
exist or can be developed so that a small part of the total 
samples preserves the lunar environment. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Not Applicable 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: In addition to locations representative 
of large segments of the area being mapped, locations 
should be sought which provide the following: [16] 
a) Samples collected from regions with different 
temperature histories, for instance a crevasse or 
crack versus the surface, and permanently shaded 
areas versus illuminated areas on the surface . 
b) Early solar system history may be inferred from 
very old (primordial) areas. If these are recognized, 
they should be sampled extensively. 
c) Cogenetic samples with different chemical compo-
sitions, particularly U I Pb and Rbi Sr ratios . These 
will be very important in unambiguously establishing 
the age of igneous units. 
d) Samples which establish the relative abundance of 
foreign (meteoritic) and indigenous lunar material 
on the present surface need to be defined and re-
turned. 
e) Samples obtained by coring devices or other capa-
bilities to sample at depth. These will be necessary 
in geological, chemical, and petrological studies of 
sedimentation and microstratigraphic problems and 
to determine cosmic ray and solar wind history. The 
length of core required depends on the thickness of 
the disturbed surface layer. 
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2) Prefe rential Lunar Phase : Not Applicable 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: The spacing of samples 
and methods of sampling should be dete rmined by 
variability of the lithology, and the astronaut should 
be the best judge of whether a formation is sufficiently 
different from one previously sampled to justify 
sampling it. Coverage of the traversed areas should 
be fairly systematic and complete because significant 
spatial variations may not be readily apparent in the 
field. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Tools and sample containers will be carried 
aboard LSSM or by astronaut. 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: Various 
diagnostic instruments have been proposed to aid the 
astronaut in selecting the samples to be returned to 
earth. See experiments 4. 1 . 2 and 4. 1.4. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: The development of the aseptic 
collection and storage technique s and diagnostic 
instrumentation. 
3) Common Equipment: The communication system, 
data storage and retrieval systems, etc . 
4) Time Sequence Relationship : To be performed at all 
the sites 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
collection of samples is basic to the success not only 
of the petrology and mineralogy experiment, but also 
to almost all areas of lunar surface technology (geo-
chemistry, geophysics, biology and surface physics). 
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Of equal importance to sampling techniques is the 
handling of the returned samples. For this reason a 
Lunar Sample Receiving Laboratory has been proposed 
for performing preliminary analyses and distributing 
samples to other laboratories for detailed analysis. 
See the Geochemistry-Petrology Working Group report 
in Reference 16 for details. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: A much less extensive sampling 
program has been proposed for early Apollo missions. 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Not Applicable 
2) Interval Between Operational Periods: Not Applicable 
3) Total Duration of Experiment: Not Applicable 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
2) 
3) 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: Unknown 
d) Experimentation: Unknown 
Crew Procedures Required: See 4. a. 3). 
Crew Skills Required: Astronaut must be trained to 
select wisely, using simple procedures and instru-
ments requiring a minimum of time and effort. It is 
preferable that the astronaut be a trained geologist 
capable of identifying rocks and minerals, and of 
discerning significant field relationships as he col-
lects samples. 
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4) Importance of Astronaut Participation: In sampling 
lunar materials the astronaut performs the experiment 
entirely. Therefore, the success of this experiment 
depends upon the astronaut's judgment. 
5) Crew Time Per Operational Sequence: Unknown 
6) Number of Experiment Sequences Per Mission: 
Unknown 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Scraping, using a 
scraper or geologist's pick; chipping, using a hand-held 
percus sion chipper or geologist's pick; coring or cutting, 
using a hand-held rotary- percussive coring device with 
internal scriber, or hand-held diamond saw; punching in 
loose or semiconsolidated material, using a hand-held 
punch corer. 
Some samples may be collected largely by hand with need 
for some breaking, trimming , and orientation. Aseptic 
handling should be us e d w he ne ve r po s sib Ie. 
b. Apparatus Description 
I) Description of Following for Component: 
a) Equipment Name: Packaging - prenumbe red 
pliable bags or she e ts with finger pressure seals; 
rigid walled containers for preservation of texture 
for selected samples . Sample containers should 
be same shape as expended LiOH units. 
b) Size Stored: Unknown 
c) Pressurized or Unpressurized (stored): Preser-
vation of lunar vacuum for some samples will be 
critical. 
d) Weight: 100 to 250 kg [16] 
e) Size Operating: Not Applicable 
f) Pressurized or Unpressurized (operating) : 
Same as c) above 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applic able 
i) Pointing Accura c y: Not Applicable 
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c. SiInultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment : 
May utilize x-ray fluorescence, x-ray diffractometry or a 
microscope to discriminate between like samples. 
d. Ancillary Equipment: Unknown 
e. Required Development: Current studies by industry for 
design of sample containers, sampling tools, and for a 
coring device to obtain cores to depths of about ten feet, 
are being sponsored by NASA. These studies should be 
continued and expanded to include the fabrication of pro-
totype containers and tools for use in mission testing . 
Studies should also be carried out for the development of 
simple sample containers to fit the spaces occupied by 
spent LiOH cylinders. 
A carrier for sampling tools, containers and samples has 
been tested. It should be modified to serve as a carrier for 
the Staff and other scientific instruments and as a stand for 
the Staff television system when it is used to monitor the 
nearby surface operations of the astronaut. Diagnostic 
techniques for sample selection should be developed. 
7. INTERFACES 
a. Proposed Experiment Location: Samples should be stored 
such that contamination and e xposure to vehicle radiation 
is avoided. 
b. Instrument Orientation and Stabilization: Not Applicable 
c. Access Requirements: Not Applicable 
d . Environmental Requirements: Preservation of lunar v acuum 
on some samples will be critical. 
e. Required Development: Hand tools and aseptic handling 
techniques 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION: Not Applicable 
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9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
I} Preflight Period: None 
2} Data Acquisition Period: Automatic tracking of the 
astronaut as he samples and photographic record of 
sample area is essential. 
3} Postflight Analysis Period: LSRL is needed . See 4. e . I} . 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TIT LE: Core Drilling 
2. APPLICATIONS/TECHNICAL AREA 
a. General Area: Geology 
b. Detailed Category: Lunar Subsurface 
c. Other Interested U. S. Agencies: U. S. G. S., U. S. Army 
Corps of Engr . , and U. S. Bureau of Mines 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a . Original Author of E x periment: Mr. John Bensko 
b. All Other Contacts: Martin, Northrop, and Westinghouse, [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: The lunar drill will 
supply cores and cuttings of lunar materials from the 
subsurface. Undisturbed cores will give samples of 
ancient moon surface which have been buried under 
debris. The drill will also be used to check the extent 
of any known rock mate rial and provide holes for ex-
plosives used in seismic research. The device will 
also provide receptacles for probes left to gauge 
changes occurring on the moon over long periods of 
time. In addition, the geologic tool will provide a 
test to the speculation concerning the presence of ice 
in the moon's subsurface. All core material should 
be returned to earth for analysis. [16] 
2) Significance and Import of Expected Results: The 
cores will provide a key to past lunar history, show 
changes, if any, in the chemistry of lunar material, 
allow the investigation of changes in the magnetic 
) properties of lunar material over geologic time, and 
provide direct information on the presence of lunar 
resources. 
2. 2. 1. 1 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: A vacuum-rated 
core drill will drill a vertical hole approximately 
5 cm in diameter and recover a core and drilling 
chips of material present in the lunar subsurface. 
The drill system may be driven either by a closed-
cycle pressurized gas or an electrical motor depending 
on whether the rotary or rotary-percus sive tool is 
used. 
b. Measurements and Data 
l) Particular Phenomena and Characteristics to be 
Observed and Measured: Cores, cuttings , drill rates, 
and temperature 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Not Applicable 
c. Deployment 
1) Preferential Location or Type of Location on 
Lunar Surface : At first, sharp contacts between 
various aged rocks might be hard to find and drill 
sites (3-meter holes) should be chosen on topographic 
features (mare surface, domes, rills, etc.). Sur-
face material should be no particular concern since 
the drill would be capable of penetrating solid dry 
rock (includes granite, basalt, etc.) and rubble. 
2) Preferential Lunar Phase: Not Applicable 
3) Location{s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: On or near LEM/ Shelter 
for 3D-meter drilling. On LSSM for 3-meter drilling. 
4) Method of Deployment of Instrumentation from LEM/ 
She lte r : LSSM 
d. Supporting Experimentation 
l) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: None 
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2) Any RequirelTIent for Prerequisite Earth/ Lunar / Space 
ExperilTIentation: Drill hole site selection and lTIapping 
3) COlTIlTIon EquiplTIent: Hoisting equiplTIent lTIay be used 
to lower subsurface probes into core holes. 
4) TilTIe Sequence Relationship: Not Applicable 
e. ExperilTIent Continuity and Relationship to Other Efforts 
1) Relationship of This ExperilTIent to Additional Ste"ps 
or Phase Required to Satisfy Overall Objective: The 
use of the drill will be required in the subsurface geo-
physical lTIeasurelTIents and core hole logging lTIeasure-
lTIents. The significance of this experilTIent is dependent 
upon detailed analysis of core lTIaterial in an earth-
based laboratory. A Lunar SalTIple Receiving Laboratory 
has been proposed to lTIake prelilTIinary analysis of all 
lunar salTIples and then distribute the salTIples to other 
appropriate laboratories for detailed analyses . [16] 
2) Relationship of Proposed ExperilTIent to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to COlTIlTIence: Two contracts have been let 
to Northrop and Westinghouse for developlTIent of the 
drilling apparatus. 
5. OPERATIONS 
a. Duty Cycle 
1 ) Expected NUlTIber and Duration of Operational Periods: 
The drill w ill be used at randolTI throughout the lunar 
traverses w her e ver it is considered worthwhile by the 
astronauts and earthside scientific staff. A hole 30 
lTIeters in depth will be drilled at the LEM/ Shelter and 
shallow (3-lTIeters) ones elsewhere. 
A 6-lTIeter depth core hole will require approxilTIately 
8 to 10 hours for cOlTIpletion, while a 30-lTIeter core 
hole w ill require approxilTIate l y 30 to 40 hours . Holes 
of Ie s s depth can b e drilled in proportionate alTIounts of 
tilTIe . The se drilling tilTIes are average tilTIes for 
lTIediulTI-hard (sandstone) rocks. If extra hard (granite) 
rock is encountered , and/ or other difficulties, a longer 
drilling tilTIe should be e xpected. An estilTIate of the 
drill tilTIe for a 30-lTIeter hole is shown in Table 1. 
2 . 2 . 1. 3 
This estimate is for a rigid rod drill. A flexible rod 
drill being designed now would follow a different s e quence 
of events but total time and power requirements are 
comparable. 
2) Interval Between Operational Periods: Will depend 
upon the selection of sites by the astronaut 
3) Total Duration of Experiment: Unknown 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Approximately 30 minutes 
b) Checkout and Calibration: See Table 1 for one 
estimate for 3D-meter core hole. 
c) Standby: See Table 1. 
d) Experimentation: Se e Table 1. 
2) Crew Procedures Required: For the 3D-meter drilling 
operation, activity is required for the astronaut inside 
the LEM/Shelter and an astronaut outside the Shelter. 
The drill is mounted and spudded by the outside astro-
naut. He will also remove cores and may use a manual 
override to operate the drill at any specific depth. 
The drilling operation will require rather complete 
attention of the inside astronaut. He will be required 
to maintain continuous surveillance of the drill during 
operation in order to corr e ct or control any difficulty 
encountered or to summon the outside astronaut if 
additional assistance is needed. Only one astronaut 
is required for 3-meter drilling operation. 
3) Crew Skills Required: General setup and operational 
procedures of the drill 
4) Importance of Astronaut Participation: Except for 
activities mentioned in 5. b. 2), the drilling operation 
is fully automatic. 
5) Crew Time Per Operational Sequence: Approximately 
5 hours for 3D-meter core hole 
6) Number of Experiment Seque nces Per Mission: 1 30-
meter core hole. Number of 3-meter core holes 
unknown. 
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TABLE 1 
EXAMPLE POWER PROFILE 
Power 
Step TiITle ConsuITled 
(min~ (kwh) 
0 Drill is readied for drilling ------ 0.000 
1 Hole is collared 10.0 2.000 
2 Check 1.0 0.000 
3 Drill 60 inches 60.0 2.000 
4 Bread rod joint 5.0 O. 000 
5 Lower overshot O. 5 0.167 
6 Hoist core-laden inner tube O. 5 0.840 
7 Drop inner tube and make rod jointing 5.0 0.167 
8 Repeat 2-7 18 times 1296.0 -'-,
9 R e peat 2-6 once 67.0 -'-,
10 Pull 5-foot section of string 3. 0 1. 700 
11 Break joint 5.0 0.000 
12 ReEeat 10 and 11 19 times 152.0 -,--,-
Total time consumed is 1605 minutes. Clearing the holes of drill rods 
consumes 160 minutes. Time to drill 100 feet is then 1445 minutes of 
which 1200 minutes is drilling time. Of the remaining 245 minutes, 
10 minutes are consumed in collaring the hole. Thus the core barrel 
functions, including checking time, consumes 235 minutes. 
NOTE: ,;, - Time is accumulated and the power demanded is as 
indicated in referenced steps. 
TABLE 2 
POWER PROFILE SUMMARY 
Energy 
Time Consumption 
(hr) (kwh) 
20.167 100.85 
1. 000 1. 70 
0.167 0.14 
5.417 13.87 
26.751 116.56 
This drilling cycle can be repeated by only replenishing the cell reactants. 
The inhe rent reliability of the fuel cell will permit a significant numb er 
of repeat cycles with only the addition of suitable quantities of fuel. 
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6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Not Applicable 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Lunar Drill (3 meters) 
b) Size Stored: Unknown 
c) Pressurized or Unpressurized (stored): 
Pre s s urized 
d) Weight: Approximately 15 kg 
e) Size Operating: Variable 
£) Pressurized or Unpressurized (operating): 
Pressurized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
2) Description of Following for Component: 
a) Equipment Name: Lunar Drill (30 meters) 
b) Size Stored: Approximately 15 ft3 
c) Pressurized or Unpressurized (stored): 
Pressurized 
d) Weight: Approximately 90 kg 
e) Size Operating: Variable 
f) Pressurized or Unpressurized (operating): 
Pres surized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: The 
instruments in 4. e . 1) which require the core hole would help 
interpret the cores and cuttings . They would not help with 
the drilling. 
d. Ancillary Equipment: Monitoring devices 
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e. Required Development 
1) Principal Apparatus Requiring Development: Drilling 
apparatus 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Three to four years 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Conceptual paper design. Two 
contracts have been let for the development of the 
drilling apparatus. A number of problem areas in 
designing the core drill are anticipated. The major 
problems are the removal of the chips from the core 
hole, cold welding, lubrication of bearings and sliding 
surfaces, lubrication of the chip transport system, 
sealing problems of the drill as well as the drill rod 
extension joints, sealing of operating motors and com-
pressors, and means of heat dissipation during drilling . 
7. INTERFACES 
a. Proposed Experiment Location: See 5. a. l). There is no 
location requirement for other instruments, but all experi-
ments and activities must be planned around the drilling 
operation. 
b . Instrument Orientation and Stabilization: Will be operating 
in a vertical position 
c. A c cess Requireme nts : None 
d. Environmental Requirements: The drill will be designed 
to withstand all natural and induced environments encountered 
during the mis sion. 
e. Power Requirements: See Tables land 2 for estimate on 
30-meter core hole. 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a . Form of Data to be Collected: Drill operation for 30-meter 
core hole will be monitored from LEM/Shelter. No other 
signal transmis sion required. 
2.2.l.7 
b. Data Characteristics: Analog signals representing drill 
rate, teITlperature, etc. 
c. Expected Data Activity: Constant data rate during drill 
operation 
d. Selective Monitoring: Must be ITlonitored by astronaut to 
protect equipITlent 
e. Data Preprocessing: Not Applicable 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
ExperiITlent: Not Applicable 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: R efra ction S e ismography 
2. APPLICATIONS/TECHNICAL AREA 
a. Gene ral Area: Geophysic s 
b. Detailed Category: Subsurfac e Mapping 
c. Other Inte rested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [2], [3], [6], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Obj ective and Purpose: To make seismic 
refraction recordings at selected lunar sites such 
that subsurfac e contour mapping (depth) may be 
performed for interfaces of contrasting rock layers. 
2) Significance and Import of Expected Results: Rock 
layeri ng , depth, geometry, and structure may be 
identified. Subsurface sonic velocity is determined. 
Larg e scale subsurface geological anomalies are 
located quickly. 
3) Des cription of the Key Techniques and Scientific/ 
Techni cal Approaches Required: The travel time is 
measured from source to receiver for underground 
sound. Initiated by an explosion in a shallow hole, 
the sound rays form a refracted path to a geophone 
planted on the surface. The timing system is incor-
porated in the recording equipment. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Obs erved and Measured: Subterranean rock interfaces 
are identifi e d by their contrasting values for the speed 
of sound. Contour lines on base maps show the form 
and depth of each interface. 
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2) Resolution Needed to Successfully Observe the 
Phenomena Above: Velocity contrasts less than 1. 2:1 
are mapped with difficulty, and the maximum subter-
ranean depths are approximately one-third of the dis-
tance between the shot-hole and the detectors. The 
depth values obtained are average values for the whole 
region between the shot point and detectors. 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: None 
2) Preferential Lunar Phase: None 
3) Lo cation(s ) Relative to LEM/Shelte r Where Experiment 
is to be Performed: Area to be mapped should be 
restricted only by mobility and shot point locations. 
Each depth measurement is obtained with the shot 
point several kilometers from the six geophones. The 
geophones and recorder may be located permanently at 
the LEM/Shelter, but this reduces the size of the area 
which can be mapped. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Use of a Local Scientific Survey Module would 
facilitate the deployment of the seismic apparatus. 
Recording and timing equipment may be in the LEM/ 
Shelter or on the LSSM. Explosives are to be loaded 
into the shot-holes by hand. 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar /Space Expe rimentation: Reflection prospecting 
techniques will delineate structural anomalies located 
by the refraction rnap. 
2) Any Requirement for Prerequisite Earth/ Lunar /Spac e 
Experimentation: The 3-mete r core hole experiments 
should be completed if these holes are to be used as 
shot-holes. Field survey data must be done before or 
after shooting. The Core Hole Sonic Velocity Experi-
ment would provide values for seismic wave velocities. 
Measurement of the velocity of sound in rock samples 
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obtained in the core hole experiITlents could be of 
additional value. Magnetic and gravitational ITleasure-
ITlents during a surface traverse would be ITlost valuable 
for detecting geological anoITlalies. 
3) COITlITlon EquipITlent: It is possible that the SeisITlic 
Reflection and SeisITlic Refraction ExperiITlents can 
utilize the saITle equipITlent. The following diffe rences 
are typical: 
4) 
AITlplifie r 
Lo cutoff 
DynaITlic range 
Geophone 
Mechanical 
resonance 
TerITlination 
Weight 
Cable tap 
Comlnunications 
Shot charge 
Refl e ction 
10 Hz 
80 db 
15 Hz 
500 ohITls 
2 kg 
15 meter spacing 
Wire 
2 kg 
Refraction 
I Hz 
40 db 
2 Hz 
500 ohITls 
8 kg 
100 ITleter spacing 
Radio 
10 kg 
TiITle Sequence Relationship: Core hol e experilnents 
ITlust b e cOITlpleted before the seislnic experiments. 
as explosives will danlage the co r e hole. 
The Seisnli c Reflection and Seismic Refraction Experi-
ITlents nlay be perforrned sequentially at each core hole 
site to avoid the weight penalty of the r e quir ernent for 
additional geophones and cabling. 
e. ExperiITlent Continuity and Relationship to Other Efforts 
I) Relationship of This ExperiITlent to Additional Steps 
or Phas e Required to Satisfy Overall Objective: 
R e petition of the seisITlic experiITlents at other loca-
tions would extend the borders of the underground 
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picture. Active seisrnic exp e rime nts have b een recom-
mended for the Apollo program. [14] 
2) Relationship of Proposed E xp erime nt to Known NASA 
and Other A ge ncy Studies/Work Curre ntly Underway 
or About to Commence: Equipme nt may be developed 
for the Apollo prog ram. 
5. OPERATIONS 
a. Duty Cycle 
1) Expecte d Number and Dura tion of Op e rational Periods: 
Estimates of 1-1/2 hours at each of 6 shot-holes are 
realistic but probably inaccurate. Much time (9 hrs) 
is spent in traveling to n ew shot-holes. 
2) Interval Between Operational P eriods: The time inte r-
val between seismic shots is a function of the astronaut's 
other activities at each core hole. 
3) Total Duration of Experiment: Unknow n, limited by 
total weight of explosive on hand and drilling capability . 
b. Crew R e quirements and Pro ce dur es 
1) Estimation of Crew Time Required For: 
a) S etup: 9 0 minutes [1] 
b) Checkout a nd Calibration: Included above 
c) Standby: 4 minutes 
d) E xperimentation: 3 m inutes 
2) Cr ew Procedures Required: [ 1] 
a) Unreeling of geophones (on c ables). 
b) Al'ming explosive s, l oading into co r e hol e , setting 
up of r a dio r eceive r us ed for detonation of explo-
si ve s. 
c ) Adjustment of attenuator and a mplifier gain, selection 
of bandpass filters, settin g up of tape recorder. 
d) Operation of equipme nt to te st vibration pickup of 
geopho n e s to ensur e good contac t, ch eckout of 
system. 
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e) Detonation by radio command (discrete tone system). 
£) Checking and shutting down of recording and reeling 
in of geophones. 
3) Crew Skills Required: Must b e able to detect poor 
coupling of geophones with lunar surface, know the 
II signs 11 of improper adjustment of electronic appara-
tus, e. g., amplifier gain too high. Must know explo-
sive handling techniques. Should know what the 
recordings should look like to e nsure that a good shot 
has been obtained. 
4) Importanc e of Astronaut Parti cipation: Astronaut 
participation is mandatory for deployment of geo-
phones and explosives, and operation of instruments. 
5) Crew Tin'le Per Operational S equence : 97 minutes per 
shot 
6) Number of Experiment S e quences Per Mission: At 
least four for reconnaisance in area of LEM/Shelter . 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Subsurface vibrations 
established by an explosive charge in a core hole are picked 
up by geophones (which transduce the vibrations to electri-
cal signals) for multichannel recording against a reference 
timing signal. 
b. Apparatus Description: See table following . 
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Seismic Experiments, Apparatus Weight, Volume, 
and Power Requirements [2] 
Weight 
kg Ib 
1. Six geophones in gimbals 1. 13 (2. 5) 
2. 200-meter geophone cable 3.84 (8.5) 
and reel 
3. Amplifier system 4.07 (9. 0) 
4. Packaging and misc. 2.26 (5. 0) 
5. Twenty-seven 100-gm 4.5 (9.9) 
explosive charges in 
aluminum cans 
6. Ten detonators with leads 2. 3 (5. 06) 
7. Explosive-loading poles 2.6 (5. 7) 
8. Ten expendable detonation 2.8 (6.15) 
receivers 
* Does not include volume of reel on LSSM. 
50-cm dia X 40-cm wide = 79,000 cm 3 • 
Volume Power 
cm 3 in 3 watts 
443 (27 ) 0 
24600* (I500) *):< 
7080 (432) 10 
4920 (300) 0 
3600 (220) 0 
1000 (61 ) 0 
1620 (99) 0 
2000 (I22) Unknown 
** It is assumed that the reel and drive will be part of the LSSM 
unit with several cable reels including some type of drive system 
common to more than I reel. 
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1) Description of the Following for Component: 
~ 
~ 
I""" 
a) Equipment Name: Geophones (6) 
b) Size Stored: See preceding table. 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: See preceding table. 
e) Size Operating: See preceding table. 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum: See graph below. 
h) Resolution: See graph below. 
i) Pointing Accuracy: Geophones must make firm 
contact with lunar surface. 
.J1'" 
-", 
Load Resistance and 
Percent of Critical Damping 
Open 71% 
/~~ ~ -
2200 ohms, 81 % 
510 ohms, 103% 
240 ohms, 1220/0 ~ f'" ~ ~ 
~- ." 
10 20 30 50 lOO 200 400 
Frequency - Hz 
Model HS-J Geophone Response (Natural Frequency - 14 Hz) 
2) Description of Following for Component: 
a) Equipment Name: Geophone Cable 
b) Size Stored : See preceding table. 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: See preceding table. 
e) Size Operating: See preceding table. 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
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g) Frequenc y Spectrum: Not Applicable 
h) Re solution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
3) Desc ription of Following for Component: 
a) Equipment Name: Amplifiers - See table above 
and specifications listed below. The six-channel 
amplifier system proposed would provide three 
modes of operation: a refraction mode of operation 
and two modes of reflection operation. The two 
means of reflection operation are: (1) automatic 
gain control, and (2) programmed gain control. 
The system would use simple 12 db/octave filters 
with two selectable positions for both High-Pass 
and Low- Pas s Sections. Prior to the recording of 
refracted energy, the operator will be required to 
adjust each individual channel for the proper fixed 
gain level. In the AGC reflection mode, the oper-
ator need only a~just the master attenuator to 
reduce the general background noise to the desired 
level. In the program gain reflection mode, the 
operator must set the attenuator and rate controls 
to conform to the surface ene rgy return level as a 
function of time. The program gain controls con-
sist of an initial time control to set rate of gain 
expansion. [1] 
Amplifier Specifications 
1. Maximum voltage gain 120 db 
2. Input impedance 
3. Noise level 20°C 
4. Sensitivity 
5. ACG regulation 
600 ohm balanced to ground 
O. 2-microvolt rms referred to input, 
20 to 100-Hz bandwidth 
AGC threshold, 1 microvolt at max. 
gain 
Less than 3-db output variation for 
input signals from 1 microvolt to O. 1 V 
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Amplifier Specifications (Continued) 
6. AGC rate Attack rate of 80 db! sec; recovery 
rate of 125 db! sec 
7. Filter 12 db! octave bandpass 5 to 30 Hz, 
25 to 60 Hz, and 5 to 200 Hz 
8. Output 1. 0 volt at 120 ohm 
9. Distortion Less than 1 % total harmonic 
distortion 
10. Weight 4.54 kg 
11. Size 7080 cm 3 
12. Power 10 watts at 28 VDC 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
See 4. d. I) 
d. Ancillary Equipment 
1) Equipment Name: Seismic Recording Subsystem 
(See table on following page) 
2) Equipment Name: Timing System and Shot Instant 
Control. For analog tape recording, a precise I ~O-Hz 
timing signal will be required for recording on one 
channel; for timing reference during playback, a 
"time-break" reference mark will also be required to 
indicate the shot or impact instant. In the case of 
digital recording, the basic sampling rate of 500 per 
second per channel will provide timing reference during 
playback. The first sample will start at time zero at 
the shot or impact instant, thus providing an effective 
time-break reference. 
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Comparative Data for Analog and Digital Seismic Recording Subsystems [1] 
Important Characteristics 
to be Considered 
Hazard to Astronaut 
Ease of Operation 
Environmental Adaptability 
Weight 
Volume 
Power Requirement 
Visual Monitoring 
Dynamic Range Tape System 
Setup Time 
Minimum Operation of Manual 
Controls 
Ability to Meet all Requirements 
of Expe riment 
Maximum of Automation 
Adaptability of Output for Moon 
to Earth Digital Transmis sion 
'" 
Proposed Analog 
System 
None 
Good 
Good 
40 db 
2989 in3 
40 w at 28 V 
Yes 
46 db 
Good 
Good 
Good 
Good 
Analog output dynamic 
range 0 to -20 db from 
1 volt. 4. 5 cycles to 
100 cycles 
None 
Good 
Good 
Proposed Digital 
System I 
35 db 
2530 in 3 
40 w at 28 V 
No 
66 db 
Good 
Best 
Good 
Best 
IBM 7 bit + sign std. digital 
format 49. 000 bits / sec 
VJ 
...... 
...... 
...... 
...... 
\. 
\ \ 
Comparative Data for Analog and Digital Seismic Recording Subsystems (Continued) 
Important Characteristic s 
to be Considered 
Ability to Stack Data 
No. Channels 
Sampling Rate 
Tape Speed 
Record Time per Shot 
Time to Read Out a 20-Stack 
Record 
Proposed Analog 
System 
Up to 30 stacks 
6 geo. input 
2 data 
Continuous 8 channel 
s imultane ous 
20 cm/ sec or 10 cm/ sec 
5.5 sec at 20 cm/ sec tape 
speed; 2.25 sec at 10 cm/ 
sec tape speed 
44 sec 
Proposed Digital 
System I 
Separate recording each shot or 
energy pulse. Data stacked on 
earth. 
6 geo. input 
1 data 
500/sec/trace 
11. 25 in/ sec 
5 seconds 
1 min 50 sec 
e. Required Development 
1) Principal Apparatus Requiring Development: No new 
development required. Modification of presently 
available equipment is required. 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go - Ahead: Unknown 
P o ssible Future Advances Over Present State-of-the-Art 
1. Geophones 
a. Digital output (at least 80- db dynamic range). 
b . Radio signal transmis sion to eliminate cables. 
c. Highly efficient geophone coupling to ground . 
2. Extremely lightweight hydrogen-peroxide exploder for lunar 
use. 
3. Combination Sonic Drill and Energy Source - programmed 
from: 
a. Accurately repetitive source. 
b. Magnetic tape chirp signal. 
4. Use of sonic drill for loading geophones and explosive charges. 
Time and Cost Estimates 
Item Time (years) Costs ($1000) 
1 2 $300 
2 1 120 
3 3 500 
4 O. 5 80 
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3) Current Status of Experiment, Especially Present 
State-of-the-Art: The designing of seismic measuring 
instruments for use on the moon presents no insur-
mountable problems. Miniaturization and modification 
of existing instrument designs should produce the 
desired results. The more difficult problem is in pro-
viding an adequate source of seismic energy for use on 
the surface of the moon. 
7. INTERFACES 
a. Proposed Experiment Location: It will be highly desirable 
to shut off all vibrating equipment and all electric magnets 
and RF generating equipment to effect a quiet period from 
detonation to 5 seconds following detonation; otherwise, S/ N 
deterioration of the recorded energy will result. 
b. Instrument Orientation and Stabilization: Geophones should 
be laid approximately in a straight line radial from shot hole . 
c. Access Requirements: Provision should be made in LEM/ 
Shelter design for an external connector to patch geophones 
into LEM/Shelter recording system. 
d. Environmental Requirements: See table below. 
Present Equipment's Permissible Operating Ranges 
Equipment Operating Storage 
Geophones -40°C + 50°C -ZOO°C + 65°C 
Cable -l40°C + 110°C -140°C + 110°C 
Amplifiers -40°C + 50°C -40°C + 60°C 
Digital Recorder -35°C + 45°C -40°C + 65°C 
Radios Unknown Unknown 
Dynamite - RDX and -140°C + 110°C -140 ° C + 11 0 ° C 
Caps - special 
Lack of atmospher~ does not appear to pose any equipment problems. 
Voltages used are very low, and arcing is not a problem. Static 
electricity and poor ground connections may cause deterioration of 
signal-to-noise ratio. 
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e. Power Requirements 
1) Average Power and Time Duration: Amplifiers. etc . : 
10 watts during last 15 minutes of experiment. Re-
corder (ancillary): 30 watts during last 10 seconds of 
experiment . 
2) Peak Power and Time Duration: Not Applicable 
3) Standby Power and Time Duration: Not Applicable 
8 . SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Form of Data to be Collected: Six channels of anal og data. 
1 channel of timing (a precise lOO Hz clock). (See 6. d . ) 
b. Data Characteristics 
1) Range of Measurement: See table below. 
A VC Amplifi er Out put 
Rock Velocity 
Maximum Signal 
Minimum Signal 
Resolution 
Travel Time 
Maximum Signal 
Minimum Signal 
Resolution 
Sonic Velocity 
Maximum Signal 
Minimum Signal 
Resolution 
Physical Units 
- 2 / 10 cm sec 
10- 6 cm/sec 
5% 
5 sec 
O. 1 sec 
O. 001 sec 
7 km/ sec 
O. 3 km/ sec 
20% 
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Electrical Units 
1 volt 
O. 1 volt 
o volt 
" 
.. 
2) Accuracy: Defined by resolution. 
3) Frequency Response: Minimum, 4 Hz; Maximum, 
100 Hz. 
4) Output Impedance(s): 120 ohms (seismic amplifier). 
c. Expected Data Activity: 5 seconds of data recording for 
each seismic experiment. 
d. Selective Monitoring: Records will be repeated in the 
advent of weak signal, overdriving, etc. 
e. Data Preprocessing: It is not recommended that the astro-
nauts analyze the seismic recordings except to use early 
recordings as a guide to later shooting requirements of the 
same mission. 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Reflection SeisITlography 
2. APPLICATIONS/TECHNICAL AREA 
a. General Area: Geophysics 
b. Detailed Category: Subsurface Mapping 
c. Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of ExperiITlent: Public dOITlain 
b. All Other Contacts: Unknown, [l], [ 2], [ 3] , [ 6], and [ 16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To ITlake seisITlic 
reflection recordings at selected lunar sites such that 
subsurface contour ITlapping ITlay be perforITled. Shal-
low refraction recordings are available on the saITle 
records. 
2) Significance and IITlport of Expected Results: Subsur-
face geoITletry and structure ITlay be portrayed by 
detailed contouring of the rock layers. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Underground 
sound is initiated by an explosion in a shallow hole. 
Sound ray paths are reflected back to the surface as 
an echo by the interfaces between underground rock 
layers. The echo travel tiITle is ITleasured to indicate 
the depth of the interface. The echo is detected with 
geophones planted in the surface. A ITleans for tiITling 
is incorporated in the geophone recording systeITl. 
b. MeasureITlents and Data 
1) Particular PhenoITlena and Characteristics to be 
Observed and Measured: Geophone response versus tiITle 
3. 1. 2. 1 
base recordings provide an echo tirrle deterrrli-
nation. The tirrles are converted to depth rrlea-
surement by rrleans of assurrled sonic velocities 
for the rock. 
2) Resolution Needed to Successfully Observe the 
Phenorrlena Above: The ability to di stingui sh 
two reflection pulses which are superimposed 
is an indication of resolution. The shortest 
subterranean wavelengths are about 50 meters 
and rock interface spacings less than this cause 
difficulty in identification and inte rpretation. 
Significant interfaces have sonic velocity ratios 
greater than 1. 2:1. 
The time channel recording should provide a 
measure of echo travel time with a precision of 
one millisecond, corresponding to a distance of 
approximately 3 mete rs. 
The arrlplitude of ground motion generated by an 
explosion detonation varies widely with distance 
from the shot and tirrle after the shot. Ground 
particle velocities rrla y be expected in the range 
- 6 -2 . 
of 10 to 10 Crrl per second In the general 
frequency range of 5 to 200 Hz. In loose soft 
materials, the recorded seismic energy may be 
largely at the low end of this range, say 5 to 30 
Hz. Energy above 100 Hz rrlay be expected only 
relatively rarely, in the close vicinity of shots 
fired in hard, high- velocity rock. 
c. Deployment 
1) Preferential Location or Type of Location on 
Lunar Surface: Unknown 
2) Preferential Lunar Phase: Unknown 
3) Location(s) Relative to LEM/Shelter Where 
Experirrlent is to be Performed: The explosive 
charge s for Seisrrlic Reflection and Refraction 
Experiments should be detonated in shot-holes 
2 to 6 meters d eep. The shot-holes will probably 
be the 3-m.eter holes drill e d for the core-hole 
experiments. 
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4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Use of a Local Scientific Survey Module would 
facilitate the astronaut's deployment of seismic appara-
tus. Explosive charges are to be handplaced into the 
shot - hole, and geophones on multiconductor cable are 
to be strung out in a line from the hole to the recording 
equipment. Recording and timing equipment may be 
stationed on board the LSSM or at the LEM/Shelter. 
d. Supporting Experimentation 
l) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: A seismic 
refraction survey would yield direct data on the seismic 
wave velocity of the various formations as well as the 
location of structural anomalies, and often make it 
possible to identify formations which are mapped. Shal-
low refraction waves are also seen with reflection pro-
file geometry. This data is also of value. 
2) Any Requirement for Prerequisite Earth/Lunar/Space 
Experimentation: The 3-meter core hole experiments 
should be completed if these holes are to be used as 
shot-holes. The Core Hole Sonic Velocity Experiment 
would provide values for seismic wave velocities, thus 
providing information on the depth of formations. 
Measurement of the velocity of sound in rock samples 
obtained in the core hole expe riments could be used to 
convert the time graphs of seismic reflection recordings 
into an undistorted depth graph. 
Magnetic and gravitational measurements during a sur-
face traverse would be most valuable for detecting geo-
logical anomalies. 
3) Common Equipment: It is possible that the Seismic 
Reflection and Seismic Refraction Experiments can 
utilize the same equipment. The following differences 
are typical: 
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Amplifi e r 
Lo cutoff 
Dynamic rang e 
G e ophone 
Mechani c al 
resonance 
Termination 
Weight 
Cable tap 
Communi cations 
Shot charge 
Reflection 
10 H z 
80 db 
15 Hz 
500 ohms 
2 kg 
15 lue ter spa cing 
Wir e 
2 k g 
Refraction 
1 Hz 
40 db 
2 Hz 
500 ohms 
8 kg 
100 meter spacing 
Radio 
10 kg 
4) Time S e que nce R e lationship: Core hole experiments 
must be comple ted b e fore the s e ismic expe rime nts, 
as explosive s will dama ge the cor e hole . 
The Seismi c Reflection and Seismic R e fra ction E x p e ri-
ments may b e p e rforme d s e que ntially at e ach core hole 
site to avoid the weight p e n a lty o f the requireme nt for 
additional g e ophones and c a bling . 
e. Experiment Continuity and Relationship to Othe r Efforts 
1) R e lationship of This E x periment to Additional Ste ps or 
Phase R e quired to Satis fy Ove rall Obj e ctive: Active 
s e ismi c exp e rime nts h a v e b ee n r e commended for the 
early Apollo missions . [14] 
R e p e titions of the seismic exp e ri rn e nts at other loca-
ti ons would ext e nd the borde rs of the unde r g round pic-
ture. Clos e ly spa ced sites would be r e quire d to deline ate 
subsurfa c e s tru ctur e and f a ulting . This is done at anOlU-
alies indicate d by g ravity a nd ma gn e ti c surve ys and by 
geolo gi cal e vid e n ce , or by long a rr a y refraction shooting. 
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2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Equipment for this experiment 
may be developed under the Apollo Program. 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational P eriods: 
It will take approxiITlately 97 minutes (excluding drilling 
time) to perform one seisITlic experiITlent. [1] An addi-
tional seismic experiment (at the same core hole) would 
require the same aITlount of tiITle. NUITlber of experi-
ments to be perforITled is unknown. 
2) Interval Between Operational Periods: The tiITle inter-
val between core holes is a function of the astronaut l s 
other activities. 
3) Total Duration of ExperiITlent: Unknown, limited by 
total weight of explosive on hand and drilling capability. 
b. Crew Requirements and Procedures 
1) Estimation of Crew TiITle Required For: 
a) Setup: 90 ITlinutes [ 1] 
b) Checkout and Calibration: Included above 
c) Standby: 4 ITlinutes 
d) Experimentation: 3 ITlinutes 
2) Crew Procedures R e quired: [1] 
a) Unreeling of geophones (on cables). 
b) Arrning explosives, loading into core hole, setting 
up of radio receiver used for detonation of explo-
S1 ves. 
c) Adjustment of attenuator and amplifier gain, selection 
of bandpass filters, setting up of tape recorder. 
d) Operation of equipITlent to test vibration pickup of 
geophones to ensure good contact, checkout of 
system. 
3.1.2.5 
e) Detonation by radio command (discrete tone system). 
f) Checking and shutting down of recording and reeling 
in of geophones. 
3) Crew Skills Required: Must be able to detect poor 
coupling of geophones with lunar surface, know the 
"signs" of improper adjustment of electronic appara-
tus, e. g, amplifier gain too high. Must know explo-
sive handling techniques. Should know what the 
recordings should look like to ensure that a good shot 
has been obtained. 
4) Importance of Astronaut Participation: Astronaut 
participation is mandatory for deployment of geo-
phones and explosives and operation of instruments. 
5) Crew Time Per Operational Sequence: 97 minutes per 
shot 
6) Number of Experiment Sequences Per Mission: One in 
flat country; two near outcrop; many over field 
anomalie s . 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Subsurface vibrations 
established by an explosive charge in a core hole are picked 
up by geophones (which transduce the vibrations to electrical 
signals) for multichannel recording against a reference 
timing signal. 
b. Apparatus Description: See table following. 
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Seismic Experiments, Apparatus Weight, Volume, 
and Power Requirements [2] 
Weight 
kg lb 
1. Six geophones in gimbals 1. 13 (2. 5) 
2. 200-meter geophone cable 3.84 (8. 5) 
and reel 
3. Amplifie r system 4.07 (9. 0) 
4. Packaging and misc. 2.26 (5. 0) 
5. Twenty- seven 100- gm 4.5 (9. 9) 
explosive charges in 
aluminum cans 
6. Ten detonators with leads 2.3 (5. 06) 
7. Explosive-loading poles 2.6 (5. 7) 
8. Ten expendable detonation 2.8 (6.15) 
receivers 
~ - ~ 
':' Does not include voluITle of reel on LSSM. 
50-cm dia X 40-cITl wide = 79,000 cm 3 • 
Volume Power 
cm 3 
. 3 In watts 
443 (27) 0 
24600':' ( 1500) .. 1 .... 1 .. .. ' .... I .. 
7080 ( 432) 10 
4920 (300) 0 
3600 (220) 0 
1000 (61 ) 0 
1620 (99 ) 0 
2000 (122) Unknown 
':":' It is as sumed that the reel and drive will be part of the LSSM 
unit with several cable reels including some type of drive system 
common to more than 1 reel. 
RECORDER SUBSYSTEM 
SYSTEM BLOCK DIAGRAM 
I Digital Electronics 6 amplifiers with I 200-m geophone Multiplexer 
r EXPlosive~ cable with 6 geo- AVC and/or Program : A-D Converter phones at 30-m Gain Control I Conversion Format intervals 
I 
I 
I 
I Di gita 1 
Tape 
Recorder p p 
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1) Description of the Following for Component: 
~ 
/. 
/. V 
,.. 
....... -
a) Equipment Name: Geophones (6) 
b) Size Stored: See preceding table. 
c) Pressurized or Unpressurized (stored): 
Unpressuriz ed 
d) Weight: See preceding table. 
e) Size Operating: See preceding table. 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
g) Frequency Spectrum: See graph below. 
h) Resolution: See graph below. 
i) Pointing Accuracy: Geophones must make firm 
contact with lunar surface. 
i-"" 
i-"" 
" 
,..... 
V ...... 
~ 
-
~ 
10-
Load Resistance and 
Percent of Critical Damping 
Ope n 71 % 
2200 ohms, 81 % 
510 ohms, 103% 
240 ohms, 122% 
10 20 30 50 100 200 400 
Frequency - Hz 
Model HS-J Geophone Response (Natural Frequency - 14 Hz) 
2) Des c ription of Following for Component: 
a) Equipment Name: Geophone Cable 
b) Size Stored : See preceding table. 
c) Pressurized or Unpressurized (sto red ): 
Unpressurized 
d) Weight: See preceding table . 
e) Size Operating: See preceding table. 
f) Pressurized or Unpr essurized (ope rating): 
Unp r essurized 
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g) 
h) 
i) 
Frequency SpectruITl: Not Applicable 
Re solution: Not Applicable 
Pointing Accuracy: Not Applicable 
3) Description of Following for COITlponent: 
a) EquipITlent NaITle: AITlplifiers - See table above 
and specifications listed below. The six-channel 
aITlplifier systeITl proposed would provide three 
ITlodes of operation: a refraction ITlode of operation 
and two ITlode s of reflection operation. The two 
ITleans of reflection operation are: (I) autoITlatic 
gain control, and (2) prograITlITled gain control. 
The systeITl would use siITlple 12 db/octave filters 
with two selectable positions for both High-Pass 
and Low-Pass Sections . Prior to the recording of 
refracted energy, the operator will be required to 
adjust each individual channel for the proper fixed 
gain level. In the AGC reflection ITlode, the oper-
ator need only adjust the ITlaster attenuator to 
reduce the general background noise to the desired 
level. In the prograITl gain reflection ITlode, the 
operator ITlust set the attenuator and rate controls 
to conforITl to the surface energy return level as a 
function of tiITle. The prograITl gain controls con-
sist of an initial tiITle control to set rate of gain 
expansion. [1] 
AITlplifier Specifications 
1. MaxiITluITl voltage gain 120 db 
2. Input iITlpedance 
3. Noise level 20 0 C 
4. Sensitivity 
5. ACG regulation 
600 ohITl balanced to ground 
O. 2-ITlicrovolt rITlS referred to input, 
20 to 100-Hz bandwidth 
AGC threshold, 1 ITlicrovolt at ITlax. 
gain 
L e ss than 3 -db output variation for 
input sig nals froITl 1 ITlic rovolt t o O. 1 V 
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Amplifier Specifications (Continued) 
6. AGC rate Attack rate of 80 db/ sec; recovery 
rate of 125 db/sec 
7. Filter 12 db/octave bandpass 5 to 30 Hz, 
25 to 60 Hz, and 5 to 200 Hz 
8. Output 1. 0 volt at 120 ohm 
9. Distortion Le s s than 1 % total harmonic 
distortion 
10. Weight 4.54 kg 
11. Size 7080 cm3 
12. Power 10 watts at 28 VDC 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
See4.d.l}. 
d. Ancillary Equipment 
I} Equipment Name: Seismic Recording Subsystem 
(See table on following page) 
2} Equipment Name: Timing System and Shot Instant 
Control. For analog tape recording, a precise 100-Hz 
timing signal will be required for recording on one 
channel; for timing reference during playback, a 
"time-break" reference mark will also be required to 
indicate the shot or impact instant. In the case of 
digital recording, the basic sampling rate of 500 per 
second per channel will provide timing reference during 
playback. The first sample will start at time zero at 
the shot or impact instant, thus providing an effective 
time - break reference. 
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Comparative Data for Analog and Digital Seismic Recording Subsystems [l] 
Important Characteristics 
to be Considered 
Hazard to Astronaut 
Ease of Operation 
Environmental Adaptability 
Weight 
Volume 
Power Requirement 
Visual Monitoring 
Dynamic Range Tape System 
Setup Time 
Minimum Operation of Manual 
Controls 
Ability to Meet all Requirements 
of Expe riment 
Maximum of Automation 
Adaptability of Output for Moon 
to Earth Digital Transmission 
Proposed Analog 
System 
None 
Good 
Good 
40 db 
2989 in 3 
40 w at 28 V 
Yes 
46 db 
Good 
Good 
Good 
Good 
Analog output dynamic 
range 0 to -20 db from 
1 volt. 4. 5 cycles to 
100 cycles 
None 
Good 
Good 
Proposed Digital 
System I 
35 db 
2530 in3 . 
40 w at 28 V 
No 
66 db 
Good 
Best 
Good 
Best 
IBM 7 bit + sign std. digital 
format 49, 000 bits / sec 
v.> 
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Comparative Data for Analog and Digital Seismic Recording Subsystems (Continued) 
Important Characteristics 
to be Considered 
Ability to Stack Data 
No. Channels 
Sampling Rate 
Tape Speed 
Record Time per Shot 
Time to Read Out a 20-Stack 
Record 
Proposed Analog 
System 
Up to 30 stacks 
6 geo. input 
2 data 
Continuous 8 channel 
simultaneous 
20 cm/ sec or 10 cm/ sec 
5.5 sec at 20 cm/ sec tape 
speed; 2.25 sec at 10 cm/ 
sec tape speed 
44 sec 
Proposed Digital 
System I 
Separate recording each shot or 
energy pulse. Data stacked on 
earth. 
6 geo. input 
1 data 
500/sec/trace 
11. 25 in/ sec 
5 seconds 
1 min 50 sec 
~ 
., 
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e. Required Development 
1 ) Principal Apparatus Requiring Development: No new 
development required. Modification of presently 
available equipment is required. 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
Possible Future Advances Over Present State-of-the-Art 
1. Geophones 
a. Digital output (at least 80-db dynamic range). 
b. Radio signal transmission to eliminate cables. 
c. Highly efficient geophone coupling to ground. 
2. Extremely lightweight hydrogen-peroxide exploder for lunar 
use. 
3. Combination Sonic Drill and Energy Source - programmed 
from: 
a. Accurately repetitive source. 
b. Magnetic tape chirp signal. 
4. Use of sonic drill for loading geophones and explosive charges. 
Time and Cost Estimates 
Item Time (years) Costs ($1000) 
1 2 $300 
2 1 120 
3 3 500 
4 O. 5 80 
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3) Current Status of Experiment, Especially Present 
State-of-the-Art: The designing of seismic measuring 
instruments for use on the moon presents no insur-
mountable problems. Miniaturization and modification 
of existing instrument designs should produce the 
desired results. The more difficult problem is in pro-
viding an adequate source of seismic energy for use on 
the surface of the moon. 
7 • INTERFACES 
a . Proposed Experiment Location: It will be highly desirable 
to shut off all vibrating equipment and all electric magnets 
and RF generating equipment to effect a quiet period from 
detonation to S seconds following detonation; otherwise, S/ N 
de terioration of the recorded energy will result. 
b. Instrument Orientation and Stabilization: Geophones should 
be laid approximate ly in a straight line radial from shot hole. 
c. Acces s Requirements: Provision should be made in LEM/ 
Shelter design for an external connector to patch geophones 
into LEM/Shelter recording system. 
d . Environmental Requirements: See table below. 
Present Equipment's Permissible Operating Ranges 
Equipment Operating Storage 
Geophones -40°C + SO°C -200°C + 6soC 
Cable -140°C + 110°C 
-140°C + 110°C 
Amplifiers -40°C + SO°C 
-40°C + 60°C 
Digital Recorder -3SoC + 4SoC 
-4 0°C + 6Soc 
Radios Unknown Unknown 
Dynamite - RDX and -140°C + 110°C 
-140°C + 110°C 
Caps - special 
~-----
Lack of atmosphere does not appear to pose any equipment problems. 
Voltages used are very low, and arcing is not a problem. Static 
electricity and poor ground connections may cause deterioration of 
signal-to-noise ratio. 
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e. Power RequireITlents 
l} Average Power and TiITle Duration: AITlplifiers, etc.: 
10 watts during last 15 ITlinutes of experiITlent. Re-
corder (ancillary): 30 watts during last 10 seconds of 
experiITlent. 
2} Peak Power and TiITle Duration: Not Applicable 
3} Standby Power and TiITle Duration: Not Applicable 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. ForITl of Data to be Collected: Six channels of analog data, 
1 channel of tiITling (a precise lOO Hz clock). (See 6. d . ) 
b. Data Characteristics 
1) Range of MeasureITlent: See table below. 
A VC Amplifier Output 
Rock Velocity 
MaxiITluITl Signal 
Minimum Signal 
Resolution 
Travel Time 
MaximuITl Signal 
MiniITlum Signal 
Resolution 
Sonic Velocity 
Maximum Signal 
Minimum Signal 
Resolution 
Physical Units 
10- 2 cm/sec 
-6 / lO CITl sec 
5% 
5 sec 
O. 1 sec 
O. 001 sec 
7 km/ sec 
O. 3 km/ sec 
20% 
3.1.2.15 
Electrical Units 
1 volt 
O. 1 volt 
o volt 
2) Accuracy: Defined by resolution. 
3) Frequency Response: Minimum, 4 Hz; Maximum, 
100 Hz. 
4) Output Impedance(s): 120 ohms (seismic amplifier). 
c. Expected Data Activity: 5 seconds of data recording for 
each seismic experiment. 
d. Selective Monitoring: Records will be repeated in the 
advent of weak signal, overdriving, etc. 
e. Data Preprocessing: It is not recommended that the astro-
nauts analyze the seismic recordings except to use early 
recordings as a guide to later shooting requirements of the 
same mission. 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
TITLE: Lunar Gravity Measurement by Falling Ball 
Gravimeter 
2. APPLICA TIONS/ TECHNICAL AREA 
a. General Area: Geophysics 
b. Detailed Category: Mapping of Lunar Gravity 
c. Other Interested U. S. Agencies. U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [2], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
b. 
I) Specific Objective and Purpose: To map the vertical 
component of the acceleration due to gravity for regions 
traversed by the LSSM. 
2) Significance and Import of Expected Results: Will 
locate subsurface anomalies suitable for subsequent 
geological interpretation. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Gravity meter 
measurements are made at a number of points on 
the lunar surface. 
Measurements and Data 
I) Particular Phenomena and Characteristics to be 
Observed and Measured: An absolute measurement 
of the acceleration due to gravity is made at each 
site. The small difference in the values obtained 
from site to site are of particular importance. 
3. I . 3. I 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: The nominal value of g will be 
165, 000 milligals, with a resolution of O. 1 milligals 
required to detect site to site variations (as suming 
local elevation control of 1 to 10 meters). 
c. Deployment 
1) Preferential Location or Type of Location on Lunar 
Surface: Unknown 
2) Prefer e ntial Lunar Phase: Unknown 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Measurements are to be 
made at the stopping points of the LSSM during its 
traverses of the lunar surface. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: To be carried on board the LSSM. 
d. Supporting Experimenta tion 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: A reasonably 
accurate topographical survey of the sites of the gravity 
measurements is required to perform the "compensating 
corrections tt required in making the gravitational maps. 
The surveying performed as a part of the LSSM tra-
verses should provide sufficient information for this 
purpose . Date and time are needed for each instrument 
reading. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment: See 6 . d. 
4) Time Sequence Relationship: Measur e ment at LSSM 
stops. 
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e. Experilllent Continuity and Relationship to Other Efforts 
1) Relationship of This Experilllent to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Gravity lllapping should be perforllled for each Ilianding 
area ll . This large flat area is expected to have silllple 
structure typical of llluch of the lunar surface. Later 
lllissions will require lllapping of areas with specific 
geological structure or problellls. 
The gravity gradiollleter of the lunar orbiters should 
provide inforlllation about structural variations at 
depths of kilollleters and beyond. 
2) Relationship of Proposed Experilllent to Known NASA 
and Other Agency Studies/ Work Currently Underway 
or About to COllllllence: Feasibility studies and instru-
lllent developlllent of one or lllore alternative instru-
lllents with capabilities silllilar to those tabulated here 
have been strongly recollllllended. [16] 
5. OPERATIONS 
a. Duty Cycle 
1) Expected NUlllber and Duration of Operational Periods: 
Once per stop of the LSSM, 5 lllinutes per operation. 
It would be desirable to obtain llleasurelllents at 10 
equidistant stopping points for a 10 kilollleter traverse, 
but the exact nUlllber or spacing is not critical. 
2) Interval Between Operational Periods: Not defined 
3) Total Duration of Experilllent: Not Applicable 
b. Crew Requirelllents and Procedures 
1) Estilllation of Crew Tillle Required For: 
a) Setup: 2 lllinutes. 
b) Checkout and Calibration: Not Applicable 
c) Standby: Not Applicable 
d) Experilllentation: 2 lllinutes 
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2) Crew Procedures Required: The astronaut releases 
the locking mechanism on the II Falling Ball Absolute 
Gravity Devic e" such tha t it is allowed to swing free 
and hang vertically f r om its mount on the LSSM. The 
astronaut performs switching of electronic gear on 
board the LSSM such that counter, clock, and count 
storage are set up for the experiment . 
The m e asurement i s made by depressing a push-button 
(allows the ball to fall) and recording the count obtained 
on the counter. About a second is required for the 
measurement . The ball is restored to start position 
by depressing a reset button. The measurement is 
repeated twice more such that three more measure-
ments are made and recorded. The IIFalling Ball 
Gravity Device ll is then returned to its stowed position. 
3) Crew Skills Required: No spe cial skill 
4) Importance of Astronaut Participation: Manual per -
formance of the e xperiment is required. 
5) Crew Time Per Operational Sequence: One man, 5 
minutes for the 3 measurements (one operation) . 
6) Number of Experiment Sequences Per Mission: Not 
defined 
6. APPARATUS DESCRIPTION 
a . Proposed Methods of Measur e ment: The acceleration due 
to gravity is determined at a site by measuring the time 
required for a mass to fall a known distance. In the Falling 
Ball Gravity Device, a trigger pulse marks the release of 
a ball. Its impact on a piezoele ctric crystal generates a 
second electrical pulse . Thes e pulses are employed to 
start and stop an electronic counter that counts the number 
of cycles (of a high-frequency clock) that occurred during 
the fall of the ball. 
As it will take approximately 0.4 second for the ball to fall 
the 10 centimeters, a clock frequency of 10 MHz will pro-
vide the required resolution (0.5 milligals corresponds to 
0.54 microseconds). 
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b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: U. E. D. Falling Ball Absolute 
Gravity Device [2] 
b) Size Stored: Volume 2025 cc, 23 cm H X 19 cm O. D. 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: 2. 7 kilograms 
e) Size Operating: Same as b) above. 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum: O. 5 to 200 gals (cm/ sec z); 
56 db or 400, 000: 1. 
h) Resolution: O. 1 milligal. 
i) Pointing Accuracy: Gimbal mounting assures 
vertical orientation. 1 milligal data accuracy. 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
See 4. d. 1). 
d. Ancillary Equipment 
1) a) Equipment Name: 5 MHz Frequency Standard 
(clock signal) 
b) Equipment Size Stored: Unknown 
c) Electrical Characteristics: Frequency must be 
known to 1 part in 10 7 or better for the gravity 
measurements. 
d) Weight: Unknown 
2) a) 
b) 
c) 
d) 
Equipment Name: Electronic Counter 
Equipment Size Stored: Unknown 
Electrical Characteristics: l06 count capacity, 
digitally coded - 22 bit binary. 
Weight: Unknown 
e. Required Development 
1) Principal Apparatus Requiring Development: The 
Falling Ball Gravity Device 
3. 1. 3. 5 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 24 months 
3) Current Status of Experiment, Especially Present 
State-of - the-Art: Conceptual design only. [2] 
7 . INTERFACES 
a. Proposed Experiment Location: Sensor may be located on 
LSSM, but must be protected from the sun. It must have 
no vibration or swinging during operation. 
b. Instrument Orientation and Stabilization: Initial electronic 
warmup period is I hour; subsequent operational warmup 
is O. 1 hour. Should not be swinging during operation. 
c. Access Requirements : Should be outside of LSSM; must 
be protected from the sun's rays and isolated from vibration 
sources; and temperature control may not be required. 
d. Environmental Requirements: Same as c. above. 
e . Power Requirements: 
Unit 
Sensor 
Standby 
Operate 
Ancillary Equipment 
Standby 
Operate 
Watts 
3 (heater) 
10 
1 
5 
Duration 
1 hr per site 
O. 1 hr per site 
1 hr per site 
O. 1 hr per site 
8 . SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Form of Data to be Collected: Digital count of cycles of 
oscillation during fall of ball. The 106 count is encoded 
in 22 bits . 
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b. Data Characteristics 
1) Range of Measurement: See table below. 
Maximum Signal 
Minimum Signal 
Resolution 
Physical Units 
165200 milligal 
164800 milligal 
O. 1 milligal 
2) Accuracy: 1 milligal repeatability. 
3) Frequency Response: Not defined. 
p.sec Count 
179435 
179000 
0.54 
4) OutPl-lt Impedance(s): 1 megaohm crystal transducer. 
c. Expected Data Activity: Single number value three times 
per site. Time between sites is about 1 hour. 
d. Selective Monitoring: Unknown 
e. Data Preprocessing: Unknown 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Magnetic Prospe cting 
2 . APPLICATIONS/ TECHNICAL AREA 
a. General Area: Geophysics 
b. Detailed Category: Lunar Magnetism 
c. Other Interested U. S. Agencies: U. S . G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of E xpe riment: Public domain 
b. All Other Contacts: Unknown, [2], [6], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
b. 
1) Specific Objective and Purpose: To reveal lunar 
subsurface anomalies by a map of lunar magnetism 
over area covered by LSSM. 
2) Significance and Import of Expected Results: Location 
of subsurface anomalies for detailed study and 
geological interpretation. 
3) Description of the Key Techniques and Scientific/ 
T echnic al Approaches Required: Magnetometer 
measurements are made at a number of points on the 
lunar surface. Magnetic contours are drawn on a 
base map. 
Measurements and Data 
1 ) P articular Phenomena and Characteristics to be 
Observed and Measured: A measurement is made 
at each site giving the total strength of the lunar 
magnetic field in gammas (1 X 10- 5 oersted). 
3.1.4.1 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: The normal value of the lunar 
magnetism is about 10 gamma. The resolution 
expected for the instrument is O. 5 gamma for each 
of three components sensed by the meter in the range 
from 1 to 200 gamma. 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: None 
2) Preferential Lunar Phase: None 
3) Location{s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Measurements are to be 
made at stopping points of the LSSM during its tra-
verse of the lunar surface. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: To be carried on board LSSM. Sensing 
element must be handcarried 100 meters from LSSM 
for each reading. 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Need simul-
taneous data concerning solar radiation and sunspot 
activity and magnetic storm on earth and sun. Need 
time and date of each magnetometer reading. Map 
data requires support of magnetometer at ESS. 
Coordinated measurements of charged dust character-
istics and magnetic and electric fields are recommended 
(by the Particles and Fields Working Group [16] ) in three 
domains: (a) on the lunar surface, (b) on an insulated 
pole some 10 meters above package a), and (c) on a 
lunar orbiter at an altitude of the order of 40 kilometers. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Fixed magnetometer is useful but 
not e s s ential. 
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3) Common Equipment: Data recording, transmission 
and storage facilities. Fixed site ITIagnetometer 
station may require duplicate equipment. 
4) Time Sequence Relationship: Measurement at LSSM 
stops. Magnetometer measurement should be made 
before all other electrical tests which may change 
original ITIagnetization of lunar surface materials. 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This ExperiITIent to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Magnetometer data may be available from the Apollo 
LSEP's and the lunar orbiter programs. 
a) MagnetisITI should be mapped for each landing 
area. This large flat area is expected to be 
typical of much of the lunar surface. 
b) Later mis sicns will require mapping of areas 
with specific geological structure or problems. 
c) Feasibility of mapping of subsurface discon-
tinuities by magnetism ITIay be evaluated by 
fixed site magnetomete r ob s e rvations. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: This instrument may be 
developed for the Apollo LSEP or the lunar orbiter 
experiments. 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
2) 
Once per stop of the LSSM. Five minutes per operation. 
Need approximately one reading per kilometer over 10 
kilometer traverse . 
Interval Between Operational Periods: Not defined 
3) Total Duration of ExperiITIent: Not Applicable 
3.1.4.3 
b. Crew Requirements and Procedures 
I) Estimation of Crew Time Required For: 
a) Setup: 2 minutes 
b) Checkout and Calibration: 2 minutes 
c) Standby: Not Applicable 
d) Experimentation: I minute 
2) Crew Procedures Required: Instrument is turned on 
when LSSM reaches observation point. Time, date 
and position are recorded. The 6 -inch sphere is 
carried out 100 meters from LSSM and placed on the 
surface. Output voltages for each of three components 
of the magnetic field are recorded in rapid sequence. 
The instrument is turned off, and cable is coiled as 
sphere is returned to LSSM. 
3) Crew Skills Required: No special practice required. 
4) Importance of Astronaut Participation: Manual 
performance required . 
5) Crew Time Per Operational Sequence: One man for 
5 minutes. 
6) Number of Experiment Sequences Per Mission: Not 
defined. 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: The metastable 
helium magnetomete r s ens e s magnetic fie ld strength 
by disturbing the pumping state of the metastable helium. 
This is done by controlling the magnetic field in the ab-
sorption cell which changes the transparency of the cell. 
Three components of field are sensed with triaxial con-
trol coils . The instrument output is dc voltage proportional 
to the ambient magnetic f ield. 
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b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Metastable Helium 
Magnetometer (see Figure 1) . 
b) Size Stored: 1, 850 cc sphere 15 cm O. D. ; 
electronics lOX lOX 20 cm 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 1. 5 kg (3 lb) sphere, 2.5 kg (SIb) 
electronics 
e) Size Operating: See b) above. 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: O. 5 gamma. 
i) Pointing Accuracy: None 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Recorded values will be compared with records of the 
magnetometer at ESS. 
d. Ancillary Equipment: Data transmission and storage for 
analog voltage output signal. 
e. Required Development 
1) Principal Apparatus Requiring Development: None 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting From Experiment Development 
Go-Ahead: 24 months 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Magnetometer has been developed 
for Mars probe . 
7 . INTERFACES 
a. Proposed Experiment Location: It is necessary to isolate 
sensing element 100 meters from other magnetic and 
electric equipment (stray magnetic fields> 0.5 gamma) , 
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b. Instrument Orientation and Stabilization: None 
c. Access Requirements: Instrument is to be carried on 
LSSM, and will have cable to conduct power and data 
between LSSM and sensor. 
d. Environmental Requir ements: Heat dis sipation, 3 watts; 
temperature range, _20 0 C to +65 0 C. No shielding require-
ments and no pres surization. 
e. Power Requirements 
1) Average Power and Time Duration: 3 watts 
(approximately 30 watt hours) 
2) Peak Power and Time Duration: 3 watts for 0.1 hour 
3) Standby Power and Time Duration: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Form of Data to be Collected: Three channels of analog 
output. 
b. Data Characteristics 
1) Range of Measurement: See table below. 
Maximum Signal 
Minimum Signal 
Resolution 
Physical Units 
+200 gamma 
-200 gamma 
±0.5 gamma 
2) Accuracy: O. 13% of full scale. 
Electrical Units 
+ 1 volt 
-1 volt 
±O. 0013 volt 
3) Frequency Response: A sample rate capability of 
1 per second is planned. 
4) Output Impedance(s ): Unknown 
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c. Expected Data Activity: Steady values of lunar magnetism 
near 10 gamma are expected to become erratic during 
magnetic storms with peak values near ±100 gamma. 
Magnetic field measurements are to be taken during quiet 
periods although the use of the stronger fields during the 
storms has been suggested as advantageous. 
d. Selective Monitoring: Field survey data will be compared 
with fixed site data to determine the influence of magnetic 
storm activity on the traverse data. 
e. Data Preprocessing: None 
9. SUPPLEMENTARY INFORMATION 
a. Discus sion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: None 
2) Data Acquisition Period: One value of lunar magnetism 
should be taken at the ESS for comparison with the 
fixed-site magnetometer. 
3) Postflight Analysis Period: Undefined 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Surface Electrical Resistivity 
2. APPLICATIONS/TECHNICAL AREA 
a. General Area: Geophysics 
b. Detailed Category: Mapping of Electromagnetic 
Measurements 
c. Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts : Unknown, [I], [2], [3], [6] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
b. 
1) Specific Objective and Purpose: The specific objective 
is the mapping of lunar surface measurements of elec-
trical resistivity. The map may indicate subsurface 
structure, and may locate ore bodies, iron meteorites, 
and water or ice. The map serves as a supplement to 
other geophysical data. 
2) Significance and Import of Expected Results: The 
successful attainment of the objectives will add new 
dimensions to our understanding of the history of the 
moon and to our capability of utilizing the lunar 
resources. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The data for plotting 
a map must be obtained by men in the field who operate 
the electronic equipment at a number of locations. 
Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Electrical resistivity, which 
is a property of all materials, is measured at the lunar 
surface using methods which accentuate as much as 
3.1.5.1 
possible the influence of the more deeply buried layers 
of rock. Values for lunar materials which may be de -
tect ed by this method r ange from 1 04 to 109 ohm/ cm. 
Changes in rock type or configuration at depth are 
detected by the electrical measurements on the surface . 
The maximum depth at which a resistivity change can 
be detected is about 60 meters . 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: 5% full scale; frequency, 400 Hz 
and 2300 Hz ±l %. 
c . Deployment 
1) Preferential Location or Type of Location on Lunar 
Surface: Not Applicable 
2) Preferential Lunar Phase: Not Applicable 
3) Location{s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Located on LSSM for 
operation at several stations within 10 km of LEM. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter : Coils mounted on boom. Complete system 
carried on wheeled vehicle. 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Need survey 
data for location of test sit es . 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment: Power Amplifier, Voltage Ampli-
fier, Oscillator, and Dual Channel Recorder 
4) Time Sequence Relationship: Magnetometer readings 
must be completed before the resistivity measurements 
are initiated at each observation site. Since no time 
sequence is required by the res i stivity measurements, 
this program may be adapted to the LSSM schedule . 
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e. Experiment Continuity and Relationship to Other Efforts 
I) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
resistivity measurements are to be made at LSSM 
stops. The surveying data is needed for location of 
measurement sites. The measurements are related to 
other traverse parameters determined by gravimeter, 
magnetometer and soil sample experiments. The 
measuren'lents are also related to manned or unmanned 
orbiter experiments using electromagnetic wave s for 
lunar surface resistivity studies. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: See I) above. 
5. OPERATIONS 
a. Duty Cycle 
I) Expected Number and Duration of Operational Periods: 
O. I hour at each stop. Possible continuous operation. 
2) Interval Between Operational Periods: Interval between 
each stop. 
3) Total Duration of Experiment: Not defined. Cover 
area within 10 km radius of LEM/ Shelter. 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) 
b) 
c) 
d) 
Setup: 0 hour s 
Checkout and Calibration: O. 01 hour per stop 
Standby: 0 hour s 
Experimentation: O. I hour per stop or continuous 
2) Crew Procedures Required: Equipment adapted to con-
tinuous ope ration on moving vehic Ie, or inte rmittent 
operation at survey stops. 
3) Crew Skills Required: None 
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4) IITlportance of As t ronaut Participation: Astronaut 
required for installation of instr uITlentation. 
5) Crew TiITle Per Operational Sequence: 0.01 hour per 
stop 
6) NUITlber of ExperiITlent Sequences Per Mis sion: At 
least one per stop 
6. APPARATUS DESCRIPTION 
a . Proposed Methods of MeasureITlent: An electrical trans-
ITlission 'systeITl includes a large subsurface region as part 
of the channe l froITl generator to recorder . Specifically 
an ac generator produces current in a large flat horizontal 
coil which induces a ITlagnetic field and eddy currents in the 
soil. A vertically positioned sensing coil, isolated physi-
cally froITl the priITlary coil, detects these eddy currents 
in the soil. Phase and aITlplitude recordings of its output 
signal indicate corresponding changes in the subsurface 
rock type or structure . The strong effects of surface ITla -
terial tends to ITlask sITlall effects of deeper beds. Greater 
depth sensitivity is related to larger physical diITlensions 
of the coils and to the resistivity contrast of the subsurface 
layers. 
The device ITlay be operated in two ways which serve 
different purposes . The continuous operation is needed 
for the location of ITletallic ITleteo r ites which ITlay be 
ITlasked or hidden by shallow dust cover . By contrast, the 
instruITlents ITlay be used at specified stops or locations to 
provide data for subsurface ITlapping . In practice, both the 
priITlary coil and the detector coil are ITlount ed on a bOOITl 
which provides physical isolation froITl the LSSM. De -
coupling of the two coils is attained by positioning the coils 
on the bOOITl in a ITlutually perpendicular orientation. 
b. Apparatus Description 
1) Description of Following for COITlponent: 
a) EquipITlent NaITle: Dual Frequency ElectroITlagnetic 
Surface Resistivity MeasureITlent 
b) Size Stored: Coil, 1. 5 ITl O. D . ; electronics, 
30 X 15 X 20 CITl 
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c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: 5 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: 400 and 2300 Hz 
h) Resolution: 5% of full scale 
i) Pointing Accuracy: May be mounted on LSSM 
with coils on a boom. The plane of the driver 
coil is horizontal and that of the detector coil 
is vertical. 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Lunar surface temperature; the Lunar Surveying Staff 
Conductivity Induction Balance experiment. 
d. Ancillary Equipment: None 
e. Required Development 
1) Principal Apparatus Requiring Development: Com-
mercial systems are available but must be space 
qualified. 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of E xpe riment, Especially Present 
State-of-the-Art: System does not work well on earth 
because of moisture in the soil. 
7. INTERFACES 
a. Proposed Experiment Location: Isolated from magnetometer, 
vertical electric field equipment, radio transmitter, and 
from lunar staff. 
b. Instrument Orientation and Stabilization: See 6. a. 1). 
c. Access Requirements: On a boom mounted on the LSSM 
d. Environmental Requirements: Heat dissipation, 35 watts 
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e. Power Requirements 
1) Average Power and Time Duration: 3500 kwh per 
mission (with intermittent operation) 
2) Peak Power and Time Duration: 35 watts, O. 1 hour 
3) Standby Power and Time Duration: 1 watt 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Two channels of analog 
output at carrier frequency . This may be detected to give 
analog dc if necessary . The two channels represent phase 
and amplitude of the detector coil voltage, b oth of which are 
sensitive to resistivity and permeability changes in the lunar 
surface material. 
b. Data Characteristics 
1) Range of Measurement: See table below. 
Physical Units Electrical Units 
Maximum Signal 
Minimum Signal 
Resolution 
109 ohm/ cm 1 volt 
104 ohm/ cm 10 microvolts 
5% of full scale 
2) Accuracy: 5% of full scale. 
3) Frequency Response: Information bandwidth 10 Hz 
4) Output Impedance( s ): 1000 ohms 
c. Expected Data Activity: For detection of buried meteorites, 
operation must be continuous . The data need not be recorded 
but must be monitored. During continuous operation there 
may be long-time intervals in which the output will be nearly 
constant (no change in res i stivity). 
For subsurface mapping the instrument is operated 
intermittently. One reading is obtained at each stop 
point of the LSSM. 
3.l.5.6 
• 
"0 
" 
I 
• 
d. Selective Monitoring: Appearance of surface discon-
tinuities and anomalies indicate probable need for 
resistivity measurement . 
e. Data Preprocessing: It is possible that map data will not 
cover the whole range of rock resistivities. Truncation 
may be possible, and shorter word length may be permis-
sible. 
9. SUPPLEMENTARY INFORMA TION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period : None 
2) Data Acquisition Period: Digital recording of the 
output is recommended for map data. Monitoring of 
unrecorded analog data is recommended for meteorite 
detection during movement between LSSM stops. 
3) Postflight Analysis Period: Detailed analyses of 
recorded data must be performed at an earth facility. 
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E X P E RIMENT IDENTIFICA TION AND DESCRIPTI ON 
TITLE : L unar Surveying Staff Susceptibility-Conductivity 
Induction Balance 
2 . APPLICATIONS/TECHNICAL AREA 
a . General Area: Geophysics 
b . Deta ile d Category: Mapping 
c . Other Interested U. S. Agencies: U. S. G. S. 
3 . SOURCE OF EXPERIMENT AND CONTACTS 
a. Or i g i nal Author of Experiment: Public domain 
b. A ll Other Contacts: Unknown, [9] 
4. OBJE C T I VE AND SCOPE 
a. Objective and Significance 
1) Sp e c i fic Objective and Purpose: The Surveying Staff 
sus ceptibility-conductivity induction balance will pro-
v i de data on the spatial variations in the magnetic 
susceptibility and electrical conductivity of material 
on and below the surface. 
2) Significance and Import of Expected Results: Different 
rock types are expected to have different electrical 
properties, one of which is conductivity. In addition, 
different occurrences of the same rock type which 
have been alte red in various ways, or which might 
contain different amounts of a foreign element (such 
as water or othe r minerals) are expected to exhibit 
different electrical prope rties. 
The magnetic susceptibility of rocks is correlated 
with their iron content and, in most cases, it is re-
1ated chiefly to the content of ferromagnetic minerals 
such as magnetite. 
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3) Description of the Key Techniques and Scientific! 
Technical Approaches Required: These data are 
obtained from measurement of the quadrature and real 
components of the secondary voltages induced in the 
balance by eddy currents established in materials along 
the astronaut's traverse. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured : The range of susceptibilities 
for most known rocks (including tektites and chondritic 
meteorites) and iron- bearing m i nerals (except magnetite) 
is from 0 to 2 X 10- 1 emu. Measurements of suscepti-
bility along lunar traverses should cover at least the 
- 6 - 2 
range of 5 X 10 to 2 X 10 emu. Iron meteorites and 
pure magnetite are two of the few materials whose sus-
ceptibilities are greater than 2 X 10- 1 emu. 
The electrical conductivity of most known rocks range 
from 10- 1 to 10 2 mho-em. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: The known internal variations of 
various rock types indicate that accuracies ±50/0 should 
be adequate for lunar susceptibility measurements. 
Measurements of conductivity of lunar surface 
material should be made within a factor of 10 or 
better to satisfy both the scientific and engineering 
requirements for the data. 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: None 
2) Preferential Lunar Phase: Unknown 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Will be a part of the Lunar 
Surveying Staff and used with the astronaut on surface 
traverses. (See Figure 1.) 
4) Method of Deployment of Instrumentation from: LEM/ 
Shelter: Will be handcarried by the astronaut. 
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Figure 1. Lunar Surveying Staff Concept [9] 
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d. Supporting Experimentation 
l) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities : Staff 
tracking mechanism 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Unknown 
3) Common Equipment: Staff data transmission 
4) Time Sequence Relationship: Data transmission to be 
coordinated with other Staff output. 
e. Experiment Continuity and Relationship to Other Efforts 
l) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Part 
of overall Staff concept and mapping objectives. Similar 
equipment and output is planned for LSSM. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: A similar Lunar Surveying 
Staff is recommended for the early Apollo missions. [9] 
5. OPERA TIONS 
a. Duty Cycle 
l) Expected Number and Duration of Operational Periods: 
Intermittent use by astronaut during traverses for 
mapping. Continuous use as surface probe. 
2) Interval Between Operational Periods: Not defined 
3) Total Duration of Experiment: More than 4 hours 
cumulative 
b. Crew Requir e ments and Procedures 
l) Estimation of Crew Time Required For: 
a) Setup : None 
b) Checkout and Calibration: None 
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c) Standby: None 
d) Experimentation: 4 hours 
2) Crew Procedures Required: Monitor output 
3) Crew Skills Required: Familiarity with operation of 
device 
4) Importance of Astronaut Participation: Device must 
be handcarried and activated by astronaut . 
5) Crew Time Per Operational Sequence: 100% 
6) Number of Experiment Sequences Per Mission: Not 
Applicable 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Susceptibility-
conductivity induction bridg~ in a module form adapted 
to a hiking Staff. 
An alternating current of appropriate frequency will be fed 
into the driving coil of the induction balance. The alter-
nating magnetic field generated by this current induces eddy 
currents into the lunar surface near the base of the Staff. 
These currents create their own alternating magnetic field 
which induces an electromotive force in the detector coil of 
the induction balance. If the driving voltage is maintained 
constant, the intensity of the induced eddy currents is pro-
portional to the conductivity of the surface materials. Thus, 
the voltage induced in the induction balance is proportional 
to the conductivity. However, contrasts in surface mate rial 
magnetic susceptibility produce contrasts in the reluctance 
of the external magnetic path and thus change the balance 
of the bridge by a small amount proportional to the magnetic 
susceptibility of the surface materials. For these two 
reasons the voltage induced in the induction balance by the 
eddy currents is separated into its resistive and reactive 
components and recorded as conductivity and magnetic 
susceptibility . 
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b . Apparatus Description 
1) Description of Following for Component: 
a) Equipment Na me : Induction bala nce and telemetry 
encoder designed as an easily replaceable module 
near the base of the Staff. 
b) Size Stored: Shape and volume compatible with 
Staff c oncept and other Staff modules. 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 0.3 kg or less 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Freque ncy Spectrum: 0-10 Hz 
h) Re solution: Readout of inducing voltage from 
o to 5 V ±O. 1 %; induced voltage from 10- 4 to 
10- 3 V ±O. 1 %; and phase difference from 0 to 90 0 
± I'. 
i) Pointing A ccurac y : Not Applicable 
c. Simultaneous Observ ations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
LSSM resistivity data 
d. Ancillary Equipment: None 
e. Required Development 
1 ) Principa l Apparatus Requiring Development: Develop-
ment of a module form for induction balance. 
2) Estimate d Time R e quired for Delivery of Flight 
Hardw are Starting from E x p e riment D e velopment 
Go-Ahe ad: 12 - 15 months 
3) Current Status of Experiment, Especially Pre sent 
State-of-the-Art : Individual instruments of this type 
exist, but the inte g ration of these instruments into a 
single module, the m ultiple x ing of their data into the 
Staff transmitter, and the integration of the module 
into the Sta ff requires development. 
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7 . INTERFACES 
a. Proposed Experiment Location: Compatible with Staff 
concept and other Staff modules 
b. Instrument Orientation and Stabilization: Not Applicable 
c. Acces s Requirements: Portable equipment 
d. Environmental Requirements: Active and/ or pas sive 
environmental control may be required for temperature. 
Induced external electric and magnetic field of module 
required to be compatible with operation of other Staff 
modules and subsystems. 
e. Power Requirements 
1) Average Power and Time Duration: Not Applicable 
2) Peak Power and Time Duration: 0.3 watts, 4 hours 
3) Standby Power and Time Duration: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to b e Collecte d: T w o channels of analog 
voltage are to be tele mete red to LSSM for storag e. Means 
for monitoring by operator should be provided. 
b . Data Characteristic s 
1) Range of Measurement 
Maximum Signal 
Minimum Signal 
Re solution 
Physical Units 
109 ohm-cm 
104 
5% of full scale 
2) Accurac y: 5% of full s c ale 
3 . 1.6. 7 
Electrical Units 
1 volt 
10 mic rovolts 
3) Frequenc y Response : Information bandwidth, 10Hz 
4) Output Impedance(s ): 1000 ohms 
c. Expected Data Activity: For detection of buried meteorites, 
operation must be continuous during excursions of the 
astronaut. The data need not be recorded but must be 
monitored. During continuous operation there may be long 
time intervals in which the output will be nearly constant 
(no change in re sistivity) . For subsurface mapping the 
instrument is operated intermittently. 
d. Selective Monitoring: The appearance of surface discon-
tinuities and anomalie s indicate s probable need for re sistivity 
measurements. 
e. Data Preprocessing: It is possible that map data will not 
cover whole range of rock resistivities. Truncation may 
be possible, and shorter word length may be permissible. 
9. SUPPLEMENTARY INFORMATI ON 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: None 
2) Data Acquisition Period: Digital recording of the 
output is recommended for map data, and monitoring 
of unrecorded analog data is recommended for meteorite 
detection during movement. 
3) Postflight Analysis Period : None 
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E X P E RIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE : Surface Natural Gamma Survey 
2. APPLICA T I O NS/TECHNICAL AREA 
a . Gene r al Area: Geophysics 
b . Detailed C ategory: Areal Radiation Survey (Traverse 
Geophysics ) 
c . Othe r Interested U. S. Agencies: U. S. G. S. 
3 . SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Ot h er Contacts: Texaco Experiment, Inc., Richmond, 
Va . ; E MR, Sarasota, Fla., [1], [2], [16] 
4. OBJECTIVE AND SCOPE 
a. Obj ective and Significance 
1) Sp e c ific Objective and Purpose: To measure the 
natural gamma radiation of the surface traversed by 
t h e LSSM vehic Ie. 
2) Significance and Import of Expected Results: The 
natural gamma ray measurements will permit the 
construction of a continuous radioactivity profile 
along the traverse lines. Since the concentrations of 
radionuclides and their host minerals are generally 
controlled by rock-forming processes, patterns in the 
radiation spectra usually parallel geological patterns. [1] 
Natural gamma ray measurements could be performed 
on sample s returned to earth; however, one major 
advantage in performing the experiments in the field is 
t he knowledge of the concentration at one location before 
choosing the next site. This immediate knowledge would 
permit rapid and efficient sampling patterns and im-
mediate tests of hypotheses regardiilg geologic struc-
tures, lithologies, .and other factors. 
3.l.7.1 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The principal sources 
of natural gamma rays are rocks containing one or more 
of the elements potassium 40, uranium, or thorium. 
The presence of gamma radiation may be detected 
and measured by pass ing an instrument containing a 
scintillation counter over the lunar surface. The 
scintillation detector contains a transparent crystal 
which gives off a very minute flash of light when struck 
by a gamma ray, and a photomultiplier tube which pro-
duces an electrical impulse when the light strikes it. [7] 
The light output and also the photomultiplier pulse are 
dependent upon the kind of incident particle and its 
energy. Thus, scintillation detectors can yield infor-
mation on both the intensity and energy distribution of 
the incident radiation. [1] In the natural gamma ray 
log, only gamma ray intensity is recorded. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Natural radiation of gamma 
rays from the lunar surface in the vicinity of the LSSM. 
This radiation is produced by the natural radioactive 
decay of any potassium 40, uranium, or thorium which 
may be present in the rocks. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: The following scale ranges have 
been recommended: 
Scale Range 
(cts/ second) 
o - 100 
o - 1, 000 
o - 10, 000 
o - 100,000 
Scale Range 
(mr /hr) 
o - O. 0025 
o - O. 025 
o - 0.25 
o - 2.5 
Smallest Scale Div. 
(mr /hr) 
O. 00005 
0.0005 
O. 005 
O. 05 
It is anticipated that the surface areal survey will be 
conducted from a moving vehicle. Therefore, the 
response rate of the count-rate circuits should be fast 
enough to register significant changes in radiation level 
while the vehicle is traveling at a speed of 5 km/hr. [lJ 
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c. Deployment 
1 ) 
2) 
3) 
4) 
Preferential Location or Type of Location on the 
Lunar Surface: A continuous measurement will be 
made over all the terrain traversed by the LSSM 
vehicle. 
Preferential Lunar Phase: This experiment may be 
conducted during both lunar day and night. 
Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Experiment will be per-
formed during excursions away from the LEM/ Shelter. 
Method of Deployment of Instrumentation from 
LEM/ Shelter: Instrument will be mounted on the 
outside of the LSSM at a location which is exposed to 
radiation from the lunar surface. 
d. Supporting Experimentation 
1 ) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activitie s: Simultaneous 
recording of time and the position of the LSSM on the 
lunar surface is required. 
2) Any Requirement for Prerequisite Earth/ Lunar/Space 
Experimentation: A preliminary survey may be neces-
sary in order to select the proper scale of the gamma 
ray intensity recorder. 
3) Common Equipment: A scintillation gamma ray de-
tection system will be common to four different types 
of nuclear surveys, each of which will consist of a 
areal and a subsurface surve y. Thus, the same gamma 
ra y detector will be used in 8 experiments. 
a) 
b) 
c) 
d) 
Natural gamma ray - surface and subsurface 
Spectral gamma ray - surface and subsurface 
Gamma gamma ra y - surface and subsurface 
Neutron gamma ray - surface and subsurface 
The gamma ray detection system consists of two 
primary components, a radiation sensor probe and a 
radiation measurement set. The probe contains the 
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following subcomponents: ce sium iodide scintillation 
crystal detector, Pilot B plastic scintillator, photo-
multiplier tube , preamplifier , and a h i gh voltage 
converter. 
The radiation measurement set contains the following 
subcomponents: power supply, amplifier, anticoinci-
dence circuitry, electronic gate, count-rate meter, 
meter display (for visual scale readings), magnetic 
tape recorder, pulse -height analyzer - 128 channels. 
The natural gamma ray experiment does not require 
the following component; however, it is required for 
other surveys as indicated: pulse-height analyzer -
spectral gamma (32 channel) and neutron gamma. 
4) Time Sequence Relationship: The natural gamma and 
spectral gamma ray surface surveys will be continuous 
surveys being conducted at all times when the LSSM is 
in motion. A record will be made of the natural and 
spectral gamma radiation from the entire surface area 
which is traversed by the LSSM. The gamma gamma, 
neutron gamma, and neutron neutron will be point 
surveys made at sele cted sites along the surface tra-
verse . Each point survey will require the LSSM to 
stop for 5 to 10 minutes. 
The natural and spectral gamma ray surveys, being 
continuous during travel, will be recorded first. After 
stopping, the sequence of measurements should be as 
follows: (a) gamma gamm.a, (b) neutron gamma , and 
(c) neutron neutron. 
e. Experiment Continuity and Relationship to Other Efforts: 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
natural gamma ray measurements can be used to ex-
plore and analyze the moon's surface. The natural 
gamma ray survey is just one of the many surveys 
which will be conducted upon the lunar surface. A 
single survey cannot supply very detailed information; 
however, when several surveys are conducted and the 
results correlated, they may provide a great deal of 
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information about the distribution of rock types and 
forms upon the lunar surface. Correlation of rock 
samples with the radiation pattern at the sampling 
points may permit geologists to make accurate 
estimate s of the areal extent of the sampled rocks. 
Data should be correlated with that of the lunar orbiter 
and early Apollo (in situ and laboratory analysis of 
returned lunar samples) mis sions, and the ESS and 
Lunar Surve ying Staff data of the MLS missions. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Unknown 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
The operational periods will be continuous whenever 
the LSSM vehicle is moving over previously unsurveyed 
terrain. Approximately 15 excursions are anticipated on 
a typical mission. The number and duration of opera-
tional periods will depend upon the activities conducted 
on each excursion. 
2) Interval Between Operational Periods: This will vary, 
depending upon the objective of the excursion. 
3) Total Duration of Experiment: Unknown 
b. Crew Requirements and Procedures 
I) Estimation of Crew Time Required For: 
a) 
b) 
Setup: Only once during mission, estimate d at 
10 minute s. 
Checkout and Calibration: Estimated for each 
survey at 5 minutes. 
c) Standby: None 
d) Experimentation: Monitor every 5 to 10 minutes. 
This experim.ent will be semiautomatic. No crew 
time will be required after the experiment is 
initiated. 
3. 1. 7. 5 
2) Crew Procedure s Required: Astronauts will be re-
quired to check calibration of equipment at least twice 
during each survey - just after switching the instrument 
on and just before turning it off. A crew member should 
also monitor the meter display every 5 to 10 minutes to 
insure the equipment is operating properly and that the 
proper recording scale is being used. 
3) Crew Skills Required: Crew members will require 
training in operation and calibration of the detection 
and recording equipment. 
4) Importance of Astronaut Participation: The importance 
of astronaut participation in this experiment will be 
relatively low. After calibrating the detector and 
choosing the proper recording scale, his s ole duty will 
be periodic monitoring of the experiment. 
5) Crew Time Per Operational Sequence: Monitoring 
time required is unknown. Setup and checkout times 
as given in 1) above. 
6) Number of Experiment Sequences Per Mission: 
Unknown - This will depend upon the number of 
excursions, which are estimated to be 14 or 15. 
6. APPARATUS DESCRIPTION 
LSSM 
[3] 
a. Proposed Methods of Measurement: Scintillation detectors 
use the light output produced by radiation in certain scintil-
lator materials. This light is detected by a photomultiplier 
tube which produces an electric signal. A proposed instru-
ment type employs a cesium iodide crystal surrounded by a 
thin layer of Pilot B plastic scintillator. Pilot B produce s 
a light output when charged particles pass through it, but 
it has a low sensitivity to gamma rays. The cesium iodide 
crystal, on the other hand, is sensitive to both charged 
particles and gamma rays. Thus, by using anti-coincidence 
circuitry and an electronic gate, only those incidences which 
produce a pulse in the ce sium iodide crystal while not pro-
ducing a simultaneous one in the plastic scintillation (very 
probably gamma rays) are counted. This feature may be 
very important on the moon, where because of lack of 
atmosphere, the charged particle background may be quite 
high. [1] 
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b . Apparatus Description 
c. 
1) Desc ription of Following for Component: 
a) Equipment Name: Radiation Sensor Probe 
(crystal detector, photomultiplier tube, pre-
amplifier, and high voltage converter) 
b) Size Stored: Diameter , 4.42 cm; length, 
20.4 cm. 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 0.9 kg 
e) Si ze Operating: Same as b) above. 
£) Pressurized or Unpressurized (operating): 
Unpressuri zed 
g) Frequenc y Spectrum: See 4. b. 2). 
h) Resolution: See 4. b. 2). 
i) Pointing Accurac y: Not Applicable 
2) Description of Following for Component: 
a) Equipment Name: Radiation Measurement Set 
This equipment contains power supply, amplifier, 
anticoincidence circuitry, gate, count- rate meter, 
meter displa y (for visual scale readings) and data 
processing. 
b) Size Stored: 250 cm 3 
c) Pressuri zed or Unpressurized (stored): 
Unpressurized 
d) Weight: 2.7 kg 
e) Size Operating: Same as b) above . 
f) Pressurized or Unpressurized (operating ): 
Unpres surized 
g) Frequency Spectrum: Not Applicable 
h) Resolution : Not Applicable 
i) Pointing Accurac y: Not Applicable 
Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
None 
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d. Ancillary Equipment 
1) Equipment Name: Calibration Device (source of 
gamma rays) 
2) Size Stored: Unknown 
3) Electrical Characteristic s: None 
4) Weight: Unknown 
e. Required Development 
1) Principal Apparatus Requiring Development: Radiation 
Sensor Probe, Radiation Measurement Set 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: The photomultiplier tube recom-
mended is similar to RCA Development No. C70, 150, 
which is a 5-cm OD tube, having a bialkali type photo-
cathode presently with a temperature rating of 90°C. 
An all-metal and ce ramic tube with Venetian blind type 
construction is recommended for ruggedness. The 
development problems are to increase the operating 
tem.perature beyond 90°C, and to possibly as low as 
that of lunar minimum (-163°C). These are apparently 
being considered now and are expected to be overcome 
in less than two years. Present RCA goals are to have 
a temperature range of -197 ° C to +120°C. Decreasing 
the tube diameter to 4. 13 or 4.42 cm is not considered 
to be a prob l em . The developmental tube is expected 
to cost around $2000. 
Another deve lopmental tube which may be applicable 
is the Channe ltron photomultiplier tube developed by 
Bendix. (Channeltron is a registered trademark of 
The Bendix Corporation.) These tub es make use of 
channel multipliers to produce very large gains and 
can be packaged in a very small, rugged unit. These 
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tubes are presently in the advanced developnlental 
stage; however, they ntay be available as production 
itents in the lunar ntissiontinte scale. 
Crystal and phototube assentblies having sintilar 
characteristics have been flown in space vehicles 
and ntissiles and thus do not represent a problent as 
far as the other environntental constraints of launch, 
flight, etc., are concerned. 
The crystal and photontultiplier tube assentbly is 
basic to all four gantnta ray nteasurentents, as are 
the preantplifier, antplifier, anticoincidence cir-
cuitry, and power supply and gate. There are no 
developntental problents associated with designing 
integrated circuit devices to perfornt these functions. 
The developntent cost is expected to run to about 
$5000 at present. Shelf itents or nticrocircuits having 
the desired characteristics ntay, however, beconte 
available within the tinte scale of the ntission prepa -
ration, thereb y reducing the cost. [2] 
7 . INTERFACES 
a. Proposed Experintent Location: Experintent will be con-
ducted printarily frOnt the LSSM vehicle; however, astronaut 
ntay desire to handcarry the probe a short distance front the 
vehicle. The experintent involves no radioactive source 
(with the exception of a sntall calibration device); therefore, 
there is no particular need to locate it away front other 
equipntent. 
b. Instruntent Orientation and Stabilization: Instruntent nta y 
be ntounted on the LSSM vehicle. The probe ntay be easily 
rentoved for a handcarried, short, surface surveyor for a 
subsurface survey. 
c . Access Requirentents: Probe will be exposed to the natural 
gantnta ray radiation of the surface ntate rials . 
d. Environntental Requirentents: 1£ any artificial source of 
gantnta radiation is present, the probe ntust be shielded 
fronl this source. However, the probe ntust not be 
shielded front the natural gan1nta radiation of the surface . 
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The radiation measurement set may be pressurized and 
located within the LSSM, but the sensor probe must be 
unpressurized. The radioactivity of materials used in the 
construction of the LSSM, etc. should be considered as a 
source of interference. 
e. Power Requirements: The power requirement is expected 
to be a continuous 5 watts during checkout of the instrument 
and conduction of the experiment. 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Meter scale readings (by 
astronaut) for calibration purposes and scale-range se-
lection; count rate, digital output of 6 bits / sample, 10 
samples per second. 
b. Data Characteristics 
I) Range of Measurement: Resolution, 6 bits / sample. 
See 4. b. 2). 
2) Accuracy: I 0/0 
3) Frequency Response: Unknown 
4) Output Impedance(s ): Unknown 
c. Expected Data Activity: Unknown 
d. Selective Monitoring: If all data is constant, or if there are 
long sections which have essentially constant readings, then 
typical responses could be selected and the remaining data 
discarded. In addition, data reduction techniques are ap-
plicable for 10 to I data reduction. 
e. Data Preprocessing: A local readout would be required, and 
analysis by an astronaut trained in gamma ray survey data 
interpretation would be necessar y . 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Surface Spectral Gamma Surve y 
2. APPLICA TIONS/ TECHNICAL AREA 
a. General Area: Geophysics 
b. Detailed Category: Areal Radiation Survey 
c. Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Texaco Experiment, Inc., Richmond, 
Virginia; EMR, Sarasota, Florida, [1], [2], [3J, [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To determine the 
areal distribution of particular radionuclides by 
means of surface surveys. 
2) Significance and Import of Expected Results: The 
three radioactive elements (potas sium, thorium, and 
uranium) may be distinguished by a gamma ray survey 
with energy discrimination and spectroscopy. Such a 
survey would serve to separate stony meteorites from 
rhyolites and basalts; i. e., it would distinguish mete-
orite rocks from crystal rocks. Gamma rays would 
also give information as to the composition of the 
lunar surface . For example, silicic volcanic ash 
that is enriched in potassium could be distinguished 
from basaltic ash and chondritic particles. In addition, 
the radiation spectrum can be analyzed to yield the 
ratio of U / Th/ K and to make distinctions between 
rocks, species, and among minerals. [1] 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The results of the 
spectral gamma ray surface survey consist of a more 
detailed analysis and presentation of the data recorded 
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by the natural gamma ray survey. The principle of 
operation is the same; namely, a scintillation crystal, 
which gives off a flash of light when struck by a gamma 
ray, and a photomultiplier tube to convert the light to 
electrical energy. The intensity of the light is pro-
portional to the intensity of the incident radiation. In 
the natural gamma ray survey, only the radiation in-
tensity in counts per second is recorded. In the spectral 
gamma ray survey, a spectrum of intensities at dif-
ferent energy levels is recorded. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The phenomena to be ob-
served and measured is the intensity versus energy 
level of natural gamma radiation 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: A total energy interval span of 
0.1 to 2.8 MeV would provide good detail on the 
gamma ray spectra. A 32-channel pulse-height 
analyzer would provide adequate resolution of higher 
energy gamma rays (> 1 MeV) expected from potas-
sium, uranium, and thorium deposits. [1] 
c . Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Experiment will be performed during 
traverse of LSSM and possibly small selected areas 
adjacent to the traverse lines. 
2) Preferential Lunar Phase: Survey could be made more 
easily during lunar day because of the better light. 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Area around LEM/ Shelter 
will be surveyed, but the majority of the survey will 
be away from this point. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Instrument will be mounted on the LSSM 
vehicle. There will probably be a provision for the 
instrument to be handcarried short distances from the 
LSSM. 
3 .1. 8", 2 
\ 
~ 
'-f 
• 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: It will be 
neces sary to record the position of the vehic Ie on the 
lunar surface when survey readings are taken. In the 
case of continuous surveys, the vehicle position could 
be recorded at periodic (short) intervals. 
2) Any Requirement for Prerequisite Earth/ Lunar / 
Space Experimentation: None 
3) Common Equipment: A scintillation gamma ray 
detection system will be common to four different 
types of nuclear surveys, each of which will consist 
of an areal and a subsurface survey. Thus, the same 
gamma ray detector will be used in 8 experiments. 
a) Natural gamma ray - surface and subsurface 
b) Spectral gamma ray - surface and subsurface 
c) Gamma gamma ray - surface and subsurface 
d) Neutron gamma ray - surface and subsurface 
The gamma ray detection system consists of two 
primary components, a radiation sensor probe and 
a radiation measurement set. The probe contains 
the following subcomponents: cesium iodide scintil-
lation crystal detector, Pilot B plastic scintillator, 
photomultiplier tube, preamplifier, and a high voltage 
converter. 
The radiation measurement set contains the following 
subcomponents: power supply, amplifier, anticoinci-
dence circuitry, electronic gate, count-rate meter, 
meter display (for visual scale readings), magnetic 
tape recorder, and a pulse-height analyzer - 128 
channels. 
The spectral gamma survey requires only a 32-channel 
pulse -height analyzer. However, since the neutron 
ganlma experiment require s a 128-channel analyze r, 
this instrument will be used for the spectral experi-
ment to avoid equipment duplication. 
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4) Time Sequence Relationship: Both the spectral and 
natural gamma ray surveys will be conducted con-
tinuously so long as the vehicle is moving. Therefore, 
these surveys will be conducted at a location prior to 
any other surveys. The gamma gamma, neutron gamma, 
and neutron neutron surveys will not be continuous, but 
conducted only at selec ted sites. The order of these 
three surveys should be : (1) gamma gamma, (2) neutron 
gamma, and (3) neutron neutron . 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
natural gamma measurements give satisfactory quali-
tative information; however, spectrographic experi-
ments will give more quantitative information on the 
concentrations of potassium, thorium, and uranium in 
lunar rock formations. This will provide an additional 
index which may prove very valuable in identification of 
these materials and in the comparison of their concen-
trations in lunar and earth materials. 
The natural gamma ray survey is just one of the many 
surveys which will be conducted upon the lunar surface. 
A single survey cannot supply very detailed information; 
however, when several surveys are conducted and the 
results correlated, they may provide a great deal of 
information about the distribution of rock types and 
forms upon the lunar surface. Correlation of rock 
samples with the radiation pattern at the sampling 
points may permit geologists to make accurate esti-
mates of the areal extent of the sampled rocks. 
Data should be correlated with the lunar orbiter and 
early Apollo (in situ and earth-based laboratory analysis 
of returned lunar samples) mis sions and the ESS and 
Lunar Surveying Staff radiation measurements for the 
later MLS missions. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Unknown 
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5. OPERATIONS 
a. Duty Cycle 
1 ) 
2) 
Expected Number and Duration of Operational Periods: 
The operational periods will be continuous whenever 
the LSSM vehicle is moving over previously unsurveyed 
terrain. Approximately 15 excursions are anticipated 
on a typical mission. The number and duration of 
operational periods w ill depend upon the activities con-
ducted on each excursion. 
Interval Between Operational Periods: This will vary, 
depending upon the objective of the excursion. 
3) Total Duration of Experiment: Unknown 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Estimated 5 minutes 
b) Checkout and Calibration: Estimated 5 minutes 
c) Standby: None 
d) Experimentation: Data should be monitored every 
5-10 minutes. Time required for this is estimated 
to be 1 minute/hour of experimentation. 
2) Crew Procedures Required: The equipment should be 
calibrated at least twice during a measurement sequence 
(excursion), just after switching the instrument on and 
just before turning it off. The data should be monitored 
at 5 to lO minute intervals. This is the same data being 
received for the natural gamma ray survey, so only a 
single monitoring is required for both experiments . 
3) Crew Skills Required: The crew must be able to cali-
brate and operate the detection and recording equipment. 
They must also be able to monitor the incoming data 
and know when to change scales so that the data will be 
re corded in a us efu l form. 
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4) Importance of Astronaut Participation: Astronaut 
must calibrate equipment and initiate experiment. 
His most important function during the experiment 
will be monitoring. 
5) Crew Time Per Operational Sequence: Estimated to 
be 5 minute s for setup and calibration plus 6 to 12 
minutes monitoring time per hour of operation. 
6) Number of Experiment Sequence s Per Mis sion: A 
typical mission includes about 15 excursions; one 
excursion will be one experiment sequence. 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: The Spectral Gamma 
Ray Experiment consists of no more than a different type 
of output record of the natural gamma ray survey. [1] A 
scintillation crystal in the probe gives off a flash of light 
when struck by a gamma ray. A photomultiplier tube, 
also in the probe, converts this light into electrical energy. 
A Pilot B plastic scintillator, anticoincidence circuitry, and 
an electronic gate prevent counting charged particle incidence. 
The magnitude of the electrical energy is proportional to the 
light intensity. A pulse-height analyzer provides the infor-
mation necessary to identify the source of gamma radiation 
(potassium, uranium, or thorium). 
b. Apparatus Description 
I) Description of Following for Component: 
a) Equipment Name: Radiation Sensor Probe (crystal 
detector, photomultiplier tube, preamplifier, and 
high voltage converter) 
b) Size Stored: Diameter, 4.42 cm; length, 20.4 cm 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 0.9 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
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2) Description of Following for Component: 
a) Equipment Name: Radiation Measurement Set 
(power supply, amplifier, anticoincidence cir-
cuitry' gate, count-rate meter, and meter display) 
b) Size Stored: 250 cm 3 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 2.7 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
3) Description of Following for Component: 
a) Equipment Name: l28-Channel Analyzer 
b) Size Stored: 546 cm 3 
c) Pressurized or Unpressurized (stored): 
Unpre s surized 
d) Weight: 2.8 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
g) Frequency Spectrum: 0.1 to 2.8 MeV 
h) Resolution: < MeV 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Other radiation measurernents 
d. Ancillary Equipment 
1) Equipment Name: Calibration Device (weak source of 
gamma rays) 
2) Equipment Size Stored: Unknown 
3) Electrical Characteristic s: No electrical power 
required 
4) Weight: Unknown 
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e. Required Development 
1) Principal Apparatus Requiring Development: Radiation 
Sensor Probe, Radiation Measurement Set 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: The photomultiplier tube recom-
mended is similar to RCA Development No. C70, 150, 
which is a 5-cm OD tube, having a bialkali type photo-
cathode presently with a temperature rating of 90°C. 
An all-metal and ceramic tube with Venetian blind type 
construction is recommended for ruggednes s. The 
development problems are to increase the operating 
temperature beyond 90°C, and to possibly as low as 
that of lunar minimum (-163°C). These are apparently 
being considered now and are expected to be overcome 
in less than two years. Present RCA goals are to have 
a temperature range of - 197°C to +120°C. Decreasing 
the tube diameter to 4. 1 3 or 4.42 cm is not considered 
to be a problem. The developmental tube is expected 
to cost around $2000. 
Another developmental tube which may be applicable 
is the Channeltron photomultiplier tube developed by 
Bendix. (Channeltron is a registered trademark of 
The Bendix Corporation.) These tubes make use of 
channel multipliers to produce very large gains and 
can be packaged in a very small, rugged unit. These 
tubes are presently in the advanced developmental 
stage; however, they may be available as production 
items in the lunar mission time scale. 
Crystal and phototube assemblies having similar 
characteristics have been flown in space vehicles 
and missiles and thus do not represent a problem as 
far as the other environmental constraints of launch, 
flight, etc., are concerned . 
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The crystal and photoInultiplier tube asseInbly is 
basic to all four gaInIna ray IneasureInents, as are 
the preaInplifier, aInplifier, anticoincidence cir-
cuitry, and power supply and gate. There are no 
developInental probleIns as sociated with designing 
integrated circuit devices to perforIn these functions. 
The developInent cost is expected to run to about 
$5000 at present. Shelf iteIns or Inicrocircuits having 
the desired characteristics Inay, however, becOIne 
available within the tiIne scale of the Inission prepa-
ration, thereby reducing the cost. (2] 
7 . INTERFACES 
a. Proposed ExperiInent Location: ExperiInent will be con-
ducted priInarily froIn the LSSM vehicle; however, astronaut 
Inay desire to handcarry the probe a short distance froIn the 
vehicle . The experiInent involves no radioactive source 
(with the exception of a sInall calibration device); therefore, 
there is no particular need to locate it awa y froIn other 
equipInent. 
b. InstruInent Orientation and Stabilization: InstruInent Inay 
be Inounted on the LSSM vehicle. The probe Inay be easily 
reInoved for a handcarried, short, surface surveyor for a 
subsurface survey. 
c. Access RequireInents: Probe will be exposed to the natural 
gaInIna ra y radiation of the surface Inate rials. 
d. 
e) 
EnvironInental RequireInents: If any artificial source of 
gaInIna radiation is pre sent, e. g., the natural radioactivity 
of materials used in the construction of the LSSM, etc., 
the probe must be shielded from this source. However, 
the probe must not be shielded from the natural gamma 
radiation of the surface. The radiation measurement set 
may be pressurized and located within the LSSM, but the 
sensor probe must be unpressurized. 
Power Requirements: The power requirement is expected 
to be a continuous 5 watts during checkout of the instruInent 
and conduction of the experiment. 
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8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Binary pulse -height analysis. 
b. Data Characteristics 
1) Range of Measurement: 32 channels; resolution, 
10 bits / channel 
~) Accuracy: 1% 
3) Frequency Response: 1 sample/ sec during traverses 
4) Output Impedance(s ): Unknown 
c. Expected Data Activity: Constant data rate during traverses 
of lunar surface. 
d. Selective Monitoring: If all data is constant, or if there are 
long sections which have essentially constant readings, then 
typical responses could be selected and the remaining data 
discarded. 
e. Data Preprocessing: A local readout would be required 
and analysis by an astronaut trained in gamma radiation 
data interpretation would be necessary. 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: This data could be telemetered to earth if 
proper facilities and telemeter equipment time were 
available. 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Surface Gamma Gamma Survey 
2. APPLICATIONS/TECHNICAL AREA 
a . 
b . 
c. 
General Area: Geophysics 
Detailed Category: Areal Radiation Survey 
Other Interested U . S. Agencies: U. S . G . S . 
3 . SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Texaco Experiment, Inc., Richmond, 
Va.; EMR, Sarasota, Fla., [lJ, [2J, [3J, [16J 
4 . OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: The purpose of the 
gamma gamma surface survey is to measure the density 
of the material on the lunar surface. 
2) Significance and Import of Expected Results: The 
density of the lunar surface material is a function of 
at least two factors: (a) the composition of the ma-
terial , and (b) the form of the material. 
If an area containing only a single type of surface rock 
is surveyed and differences in the density are noted, 
these differences will probably be due to variations in 
the form of this rock; that is, the rock in some areas 
might be more porous than in others. Density variations 
will provide additional data in classifying different lunar 
rock types and in mapping the areal extent of these types. 
This experiment could be performed on samples returned 
to earth. One major advantage in performing the experi-
ments in the field, however, is the knowledge of the con-
centration at one location before choosing the next site. 
This immediate knowledge would permit rapid and effi-
cient sampling patterns and immediate tests of hypotheses 
regarding geologic structure s, lithologie s, and othe r 
factor s . [1 J 
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3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The gamma gamma 
technique of density measurement consists of meas-
uring scattered gamma radiation intensity as a rock 
formation is radiated with a source of gamma rays. 
The distance between the radioactive source and the 
detector is kept fixed and care is taken that (1) the 
gamma rays interact only in the material being sur-
veyed, and (2) the detector is completely shielded from 
direct rays from the source. 
The energy of the source is chosen so that most of the 
interactions are Compton Scatters. Then the intensity 
of scattered gamma rays is only a function of the 
electron density, which is dependent upon the mass 
density of the surface material. The extent of gamma 
radiation scattering is thus determined by the density 
of the irradiated medium. [1] 
b. Measurements and Data 
1) Particular Phenomena and Characteristic s to be 
Observed and Measured : The phenomenon to be 
measured is the intensity of the scattered gamma rays 
which return from the surface material to the detector. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: The density range that can be 
expected in lunar rocks ranges from O. 88 gm/ cm 3 
for volcanic sands to about 8 gm/cm 3 for nickel-iron 
meteorites. Actually the density of most common 
igneous rocks and chondrites (such as granites, 
gabbros, and basalts) is the same as shales and falls 
between 2. 5 and 3 gm/ cm 3. A requirement on the 
gamma gamma instrument, therefore, would also be 
good density re solution in this range. [1] 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Experiment will be performed at 
selected sites during traverses of LSSM. Sites will 
be chosen on the basis of the gological interpretation 
of the area. 
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2) Preferential Lunar Phase: Survey could be made 
more easily during lunar day because of better 
visibility . 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Area around LEM/Shelter 
will be surveyed, but the majority of the survey will 
be conducted away from this point. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: LSSM must stop for this measurement. Probe 
will probably have to be lowered from LSSM to make 
contact with the surface during the measurement. 
d. Supporting Expe rimentation 
l) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: It will be 
necessary to record the position of the vehicle on the 
lunar surface at each survey site. 
2) Any Requirement for Pre requisite Earth/ Lunar / Space 
Experimentation: Gamma gamma methods are used in 
conjunction with a standard calibration curve. This is 
because the intensity of scatter radiation depends not 
only on the density of the rocks, but also on the strength 
of the source and the characteristics of the apparatus. 
Thus, to d ecrease the influence of extraneous factors, 
the magnitude of the scattered gamma radiation de-
tected by a particular sonde has to be compared against 
the magnitude of the scattered gamma radiation obtained 
in formations of known density. [l] 
3) Common Equipment: The cable, hoisting mechanism, 
and depth recording device will be common to all sub-
surface logging experiments. A scintillation gamma 
ray detection system will be common to four different 
types of nuclear surveys, each of which will consist of 
an areal and a subsurfac e surve y. Thus, the same 
gamma ray detector will be used in 8 experiments. 
a) Natural gamma ray - surface and subsurface 
b) Spectral gamma ray - surface and subsurface 
c) Gamma gamma ra y - surface and subsurface 
d) Neutron gamma ray - surface and subsurface 
3.l.9.3 
The gamma ray detection system consists of two 
primary components, a radiation sensor probe and 
a radiation measurement set. The probe contains 
the following subcomponents: cesium iodide scintil-
lation crystal detector, Pilot B plastic scintillator, 
photomultiplie r tube, preamplifier, and a high voltage 
converter. 
The radiation measurement set contains the following 
subcomponents: power supply, an'1plifier, anticoinci-
dence circuitry, electronic gate, count-rate meter, 
meter display (for visual scale readings), magnetic 
tape recorder, and a pulse-height analyzer - 128 
channels. 
The gamma gamma experiment will not require the 
Pilot B plastic scintillator in the probe or the anti-
coincidence circuitry and electronic gate in the meas-
urement set. This is because the intensity of the 
reflected gamma rays will be much greater than the 
charged partic le background and discrimination between 
these two sources of radiation will not be a problem. 
The pulse-height analyzer will not be required, since 
only the scattered gamma intensity (but not its energy 
spectrum) is used in making the measurement. Also, 
a visual readout would not be necessary (although it 
might be desirable). These unnecessary components 
will be bypas sed by making appropriate switch settings 
on the measurement set panel. 
4) Time Sequence Relationship: The natural gamma and 
spectral gamma ray surface surveys will be continuous 
surveys being conducted at all times when the LSSM is 
in motion. A record will be made of the natural and 
spectral gamma radiation from the entire surface area 
which is traversed by the LSSM. The gamma gamma, 
neutron gamma, and neutron neutron experiments will 
be point surveys made at selected sites along the sur-
face traverse. Each point survey will require the LSSM 
to stop for 5 to 10 minute s. 
The natural and spectral gamma ray surveys, being 
continuous during travel, will be recorded first. After 
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stopping, the sequence of measurements should be 
as follows: (a) gamma gamma, (b) neutron gamma, 
and (c) neutron neutron . 
Experiment Continuity and Relationship to Other Efforts 
1 ) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
gamma gamma surface survey, together with the other 
surface surveys, will provide valuable information on 
the areal distribution of the characteristics of surface 
material properties. These surveys, when correlated 
with samples taken at the survey sites, will provide 
information for the preparation of surface geological 
maps. 
Data should be correlated with measurements obtained 
by the lunar orbiter and early Apollo (in situ and labor-
atory analysis of returned lunar samples) missions, and 
the ESS and Lunar Surveying Staff data of the later MLS 
missions. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Unknown 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Gamma gamma measurements are expected to be taken 
on each LSSM excursion. A typical mission contains 
about 15 excursions. The number of measurements per 
excursion will vary, depending upon the nature of the 
surface material being trave rsed . Each measurement 
will requir e £r om 5 to 10 minute s. 
2) Interval Between Operational Periods: Intervals 
will vary. 
3) Total Duration of Experiment: Unknown 
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b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Estimated 5 minutes 
b) Checkout and Calibration: Estimated 5 minute s 
c) Standby: None 
d) Experimentation: Estimated 5 minutes 
2) Crew Procedures Required: Crew must select sites 
for gamma gamma measurements. The gamma detector 
should be calibrated at least twice during a Ineasurement 
sequence (excursion); just after switching the instrument 
on and just before turning it off. 
3) Crew Skills Required: The crew must be able to cali-
brate and operate the detection and recording equip-
ment. They must also be able to select suitable sites 
for taking measurements. 
4) Importance of Astronaut Participation: The most 
important function of the astronaut during this experi-
ment is to select suitable sites for conducting the 
experiment. 
5) Crew Time Per Operational Sequence: 5 to 10 minutes 
per site 
6) Number of Experiment Sequences Per Mission: A 
typical mission includes about 15 excursions. One 
excursion will be one expe riment sequence. 
6. APPARATUS DESCRIPTION 
a. Propos ed Methods of Measurement: In this expe riment, 
the formation is irradiated with a strong source of gamma 
rays. Scattered gamma radiation will be measured by the 
same scintillation counter which will be used for natural 
gamma and spectral gamma measurements. The use of a 
surrounding plastic scintillator for charged particles dis-
crimination, required for natural and spectral gamma 
surveys, will not be required for the gamma gamma survey 
since the induced gamma radiation will be much more intense 
than the char ged particle background. It is anticipated that 
the presence of a plastic scintillator can be compensated for 
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by switching to a special circuit in the radiation measure-
ment set. Pulse-height analysis will not be required since 
only the scattered gamma intensity (but not its energy 
spectrum) will be used in making the measurement. 
Gamma gamma methods are used in conjunction with a 
standard calibration curve. This is because the intensity 
of scattered radiation depends not only on the density of 
the rocks, but also on the strength of the source and the 
characteristics of the apparatus. Thus, to decrease the 
influence of extraneous factor s, the magnitude of the 
scattered gamma radiation detected by a particular probe 
has to be compared with the magnitude of the scattered 
gamma radiation obtained in formations of known density. [l] 
b. Apparatus Description 
l) Description of Following for Component: 
a) Equipment Name: Gamma Source and Gamma 
Ray Detector 
b) Size Stored: Diameter, 4 . 4 cm; length, 55.6 cm 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 2. 7 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequenc y Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accurac y: Not Applicable 
2) Description of Following for Component: 
a) Equipment Name: Radiation Measurement Set 
b) Size Stored: 250 cm 3 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 2.7 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Sl;ectrum: Densitie s of 0.8 to 
8 grams/cm 
h) Re solution: 10 bits 
i) Pointing A ccura c y: No t A p plic able 
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c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
None 
d. Ancillary Equipment 
1) Equipment Name: Probe Calibration Device (weak 
source of gamma rays) 
2) Size Stored: Unknown 
3) Electrical Characteristics: No electrica l power 
required 
4) Weight: Unknown 
e. Required Development 
1) Principal Apparatus Requiring Development: Radiation 
sensor probe, radiation measurement set 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Neutron gamma logging equipment 
is presently in use in the petroleum industry; however, 
this equipment will not provide the element identification 
and concentrations which are desired for lunar explora-
tion mis sions. The size of the petroleum equipment 
must be reduced and more sophisticated electronic 
components and circuitry incorporated. 
The photomultiplier tube recommended is similar to 
RCA Development No. C70, 150, which is a 5-cm OD 
tube, having a bialkali type photocathode presently 
with a temperature rating of 90 ° C. An all metal and 
ceramic tube with Venetian blind type construction is 
recommended for ruggedness. The development prob-
lems are to increase the operating temperature beyond 
90°C, and to possibly as low as that of lunar minimum 
(-163°C). These are apparently being considered now 
and are expected to be overcome in less than two years. 
Pre sent RCA goals are to have a temperature range of 
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-197°C to +120°C. Decreasing the tube diameter to 
4. 13 or 4.42 cm is not considered to be a problem . 
The developmental tube is expected to cost around 
$2000. 
Another developmental tube which may be applicable 
is the Channe ltron photomultiplier tube developed by 
Bendix. (Channeltron is a registered trademark of 
The Bendix Corporation.) These tubes make use of 
channel multipliers to produce very large gains and 
can be packaged in a very small, rugged unit . These 
tubes are presently in the advanced developmental 
stage; however, they may be available as production 
items in the lunar mission time scale. 
Crystal and phototube assemblies having similar 
characteristics have been flown in space vehicles 
and missiles and thus do not represent a problem as 
far as the other environmental constraints of launch, 
flight, etc . , are concerned . 
The crystal and photomultiplier tube assembly is 
basic to all four gamma ray measurements, as are 
the preamplifier, amplifie r, anticoincidence circuitr y, 
and power supply and gate. There are no developmental 
problems associated with designing integrated circuit 
devices to perform these functions . The development 
cost is expected to run to about $5000 at present. Shelf 
items or microcircuits having the desired character-
istics may, however, become ava ilable within the time 
scale of the mission preparation, thereb y reducing the 
cost . [2J 
7. INTERFACES 
a. Proposed Experiment Location: Expe riment will be con-
ducted from the LSSM vehicle. This experiment involves an 
active neutron source and may have to be located far away 
from certain other pieces of equipment. 
b. Instrurnent Orientation a nd Sta biliz a tion: The probe must be 
pressed firmly against the lunar surface to insure that all 
gammas detected b y the pr o be w ill be c orning from the sur-
face material and n o t directly from the gamma source. 
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c. Access Requirements: The probe will be exposed to back-
scattered gamma radiation from the surface material. 
d. Environmental Requirements: The gamma detector will be 
protected by suitable shielding from direct gamma radiation 
form the source. The radiation set may be pressurized and 
located within the LSSM, but the radiation sensor probe must 
be unpressurized. 
e. Power Requirements: The power requirement is expected 
to be a continuous 5 watts during equipment checkout and 
conduction of the experiment. 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Form of Data to be Collected: An analog voltage proportional 
to count rate. A meter is read by astronaut for calibration 
purposes and for scale-range selection. 
b. Data Characteristics 
1) Range of Measurement: The following scale ranges 
have been recommended: 
Scale Range Scale Range Smallest Scale Div. 
(cts / second) (mr/hr) (mr/hr) 
o - 100 o - O. 0025 O. 00005 
o - 1, 000 o - O. 025 O. 0005 
o - 10, 000 o - 0.25 O. 005 
o - 100, 000 o - 2. 5 0.05 
2) Accuracy: Unknown 
3) Frequency Response: Unknown 
4) Output Impedance(s ): Unknown 
c . Expected Data Activity: A function of astronaut activity 
d. Selective Monitoring: The average reading per measurement 
site is all that is required. 
e. Data Preprocessing: Unknown 
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9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Surface Neutron Gamma Survey 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b . 
c. 
General Area: Geophysics 
Detailed Category: Areal Radiation Survey 
Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Texaco Experiment, Inc., Richmond 
Virginia; EMR, Sarasota, Florida, [1], [2], [14], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: The object of the 
subject experiment is to identify and measure the 
concentrations of elements present in lunar surface 
materials. 
2) Significance and Import of Expected Results: The 
neutron gamma measurements are particularly well 
suited for surface (as well as subsurface) identifi-
cation of mineral bearing strata. This technique 
requires the least amount of astronaut time for the 
amount of lithologic information received. [I] The 
neutron gamma log will provide identification and con-
centrations of the elements present in the materials 
surveyed. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Neutron gamma 
measurements in general describe a method of pros-
pecting which involves irradiating a formation with 
fast neutrons and detecting gamma rays at various 
energies given off at certain times after the source 
has been turned off. In this experiment, the surface 
material is irradiated with a pulsed source of fast 
neutrons and the activation and capture gamma rays 
3.1.10.1 
are detected, as well as prompt protons produced as a 
result of the inelastic scattering of the fast neutrons. [1] 
The patterns of the radiation detected in this process 
are characteristic of the elements present in the ma-
terial and their concentrations . Thus, analysis of the 
resulting patterns provide quantitative measurements 
of the elements present in the irradiated formations. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The phenomenon which is 
measured is gamma radiation resulting from neutron 
bombardment. Gamma energy spectrums resulting 
from two different causes are measured in two distinct 
time periods by the use of a gated circuit. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: The scintillation detector required 
to measure prompt and delayed gamma rays successfully 
must be gated to distinguish between the two chrono-
logical types of gamma rays. The source requirement 
is that it be capable of pulsing every millisecond, al-
lowing large counting rates to be obtained. This would 
set the pulse rate of 109 neutrons / second with 106 neutrons 
available per pulse . [1] 
The energy range of the detector has to be up to at 
least about 8 Me V, as there are significant reactions 
up to these energies. Also the gamma ray spectrometer 
must have good resolution to separate clearly lines that 
are produced by different elements. Thus a pulse -height 
analyzer with a fairly large number of channels (> 100) 
is required. A l28-channel pulse-height analyzer energy 
span will provide good resolution from O. 1 to about 9 
MeV. [1] 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Experiment will be performed at 
selected sites during traverses of the LSSM. Sites 
will be chosen on the basis of the geological interpre-
tation of the area. 
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2) Preferential Lunar Phase: Survey could be made more 
easily during the lunar day. 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: The area around the LEM/ 
Shelter will be surveyed, but the majority of the sur-
vey will be conducted away from this point. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: The equipment will be transported on the 
LSSM vehicle, which must stop in order that the meas-
urement can be made. The probe containing the neutron 
source and gamma ray detector will probably be lowered 
to very near, if not in contact with, the surface. 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: It will be 
necessary to record the position of the vehicle on the 
lunar surface at each survey site. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment: A scintillation gamma ray 
detection system will be common to four different 
types of nuclear surveys, each of which will consist 
of an areal and a subsurface survey. Thus, the same 
gamma ray detector will be used in 8 experiments. 
a) Natural gamma ray, surface and subsurface 
b) Spectral gamma ray, surface and subsurface 
c) Gamma gamma ray, surface and subsurface 
d) Neutron gamma ray, surface and subsurface 
The gamma ray detection system consists of two 
primary components, a radiation sensor probe and 
a radiation measurement set. The probe contains 
the following subcomponents: cesium iodide scintil-
lation crystal detector, Pilot B plastic scintillator, 
photomultiplier tube, preamplifier, and a high-voltage 
converter. 
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The radiation measurement set contains the following 
subcomponents: power supply, amplifier, anticoinci-
dence circuitry, electronic gate, count-rate meter, 
meter display (for visual scale readings), magnetic 
tape recorder, and a pulse- height analyzer - 128 
channels. 
The neutron gamma experiment does not require the 
use of a Pilot B plastic scintillation in the probe or 
anticoincidence circuitry in the measurement set 
because the gamma radiation resulting from neutron 
bombardment will be much more intense than the 
charged particle background. These unnecessary 
components will be bypassed by making appropriate 
switch settings on the measurement set panel. The 
electronic gate will be used to separate the stimulated 
gamma radiation into prompt and delayed segments. 
4) Time Sequence Relationship: The natural gamma and 
spectral gamma ray surface surveys will be continuous 
surveys, being conducted at all times when the LSSM 
is in motion. A record will be made of the natural and 
spectral gamma radiation from the entire surface area 
which is traversed by the LSSM. The gamma gamma , 
neutron gamma, and neutron neutron experiments will 
be point surveys made at selected sites along the sur-
face traverse. Each point survey will require the LSSM 
to stop for 5 to 10 minute s . 
Th e natural and spectral gamma ray surveys, being 
continuous during travel, will be recorded first. After 
stopping, the sequence of measurements should be as 
follows: (1) gamma gamma, (2) neutron gamma, and 
(3) neutron neutron. 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
neutron garnma survey will provide identification of 
the elements present in the surface formations a nd a lso 
a measurement of the quantity present . This information 
will not be provided by any other survey. The only other 
source of such information will be the actua l formation 
samples. Detailed laboratory analys is of such samples 
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will provide an accurate check on the data provided by 
the neutron gamma survey. The results of the neutron 
gamma survey will also be needed to interpret certain 
results of the neutron neutron survey. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Similar instrumentation is now 
under development by NASA. [16] 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Neutron gamma measurements are expected to be taken 
on each LSSM excursion. A typical mission contains 
about 15 excursions. The number of measurements per 
excursion will vary, depending upon the nature of the 
surface material being traversed. Each measurement 
will require from 5 to 10 minutes. 
2) Interval Between Operational Periods: Intervals 
between periods will vary. 
3) Total Duration of Experiment: Unknown 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Estimated 5 minutes 
b) Checkout and Calibration: Negligible 
c) Standby: None 
d) Experimentation: Estimated 5 minutes 
2) Crew Procedures Required: Crew must select sites 
for neutron gamma measurements. The gamma de-
tector should be calibrated at least twice during a 
measurement sequence (excursion); just after switching 
the instrument on and just before turning it off. 
3) Crew Skills Required: The crew must be able to cali-
brate and operate the detection and recording equipment. 
The y must also be able to select suitable sites for taking 
measurements. 
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4) Importance of Astronaut Participation: The most 
important function of the astronaut during this experi-
ment is to select suitable sites for conducting the 
experiment. 
5) Crew Time Per Operational Sequence: 5 to 10 minutes 
per site 
6) Number of Experiment Sequences Per Mission: A 
typical mission includes about 15 excursions. One 
excursion will be one experiment sequence. 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: A pulsed neutron source 
provides the high energy neutrons for bombardment of the 
surface material. In order to identify and quantify the ele-
ments present in the irradiated material, the gamma energy 
spectrums resulting from the neutron bombardment must be 
measured. A scintillation counter utilizing a cesium iodide 
crystal and a photomultiplier tube, together with a 128-
channel pulse-height analyzer will provide this information. 
A plastic scintillator for charged particle rejection, as re-
quired on the natural and spectral gamma logging instru-
ments, will not be required for this experiment. 
Three different classifications of gamma rays are produced 
as a result of the neutron bombardment. The first class of 
gamma rays is produced as a result of inelastic scattering 
of the high energy neutrons. The second class of ganlma 
rays, known as capture gamma rays, are produced as a 
result of the capture of a thermalized (decelerated) neutron 
by a nucleus of SOlne element in the formation being bom-
barded. The capture of a neutron by a nucleus causes the 
nucleus to become unstable and to immediately emit gamma 
rays in a restabilization process. If this capture gamma ray 
emission causes the nucleus to become stable, no further 
gamma rays are emitted. Some nuclei, however, do not 
revert to a stable condition as a result of this capture gamma 
ray emission. These nuclei, after emitting capture gamma 
rays, continue to emit gamma rays known as activation 
gamma rays. 
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The three different classes of gamma rays can be dis-
tinguished by the time lag between the initiation of a pulse 
of neutrons and the detection of the gamma rays by the 
scintillation counter. The prompt gamma rays, which 
arrive at the detector during the first 5 to 10 microseconds 
following the initiation of a pulse of neutrons, are produced 
by inelastic scattering of neutrons. Capture gamma rays 
are detected in the interval from lO to 800 microseconds 
after the initiation of a neutron pulse. Activation gamma 
rays are detected after about 800 microseconds following 
a neutron pulse initiation. If the pulse initiation period is 
one millisecond, as planned for the subject experiment, 
activation gamma rays caused by one pulse may be recorded 
during a succeeding gated counting period. Such activity 
may, or may not, be discernible in the recorded data. 
The gamma rays due to inelastic scattering will be sepa-
rated from the other two classes of gamma rays by an 
electronic timing gate. This gate will be open only during 
and for a short time following each neutron pulse. The 
gamma rays detected during this brief period will be ampli-
fied and fed into the pulse -height analyzer. All other gamma 
radiation, capture and activation radiation, will be amplified 
and recorded, but not fed into the pulse-height analyzer. 
Utilization of a gate to separate the prompt gamma rays from 
the delayed gamma rays permit the logging of all three classes 
of gamma rays with the same tool at the same time. Discrimi-
nation between capture and activation gamma rays will have to 
be made by careful analysis of the data on earth. [1], [14] 
b. Apparatus Des cription 
1 ) Description of Following for Component: 
a) 
b) 
c) 
d) 
e) 
f) 
g) 
h) 
i) 
Equipment Name: Pulsed Neutron Source and 
Source-Detector Shield 
Size Stored: Diameter, 4.4 cm; length, 55 cm 
Pressurized or Unpressurized (stored): 
Unpressurized 
Weight: 5.5. kg 
Size Operating: Same as b) above 
Pressurized or Unpressurized (operating): 
Unpressurized 
3 Frequency Spectrum: 10 pulses per second 
Resolution: See 4. b. 2). 
Pointing Accuracy: Not Applicable 
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2) Description of Following for Component: 
a) Equipment Name: Gamma Ray Detector Probe 
b) Size Stored: Diameter, 4.4 cm; length, 20.4 cm 
c) Pressurized or Unpressurized (stored): 
Unpressur ized 
d) Weight: 0.9 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
I 
Unpressurized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
3) Description of Following for Component: 
a) Equipment Name: Radiation Measurement Set 
b) Size Stored: 250 cm3 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight : 2.7 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
4) Description of Following for Component: 
a) Equipment Name: 128- Channel Pulse-Height 
Analyzer 
b) Size Stored: 546 cm 3 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 2.8 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: O. 1 to 8 Me V 
h) Re solution : 10 bits / channel 
i) Pointing Accuracy: Not Applicable 
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c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
d. 
Data display device 
Ancillary Equipment 
1) Equipment Name: Probe Calibration Device (weak 
source of gamma rays) 
2) Equipment Size Stored: Unknown 
3) Electrical Characteristics: No electrical power required 
4) Weight: Unknown 
e. Required Development 
1) Principal Apparatus R e quiring Development: Logging 
sonde, recording equipment 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Neutron gamma logging equipment 
is presently in use in the petroleum industry; however, 
this equipment will not provide the element identification 
and concentrations which are desired for lunar explo-
ration mis sions. The size of the petroleum equipment 
must be reduced and more sophisticated electronic 
components and circuitry incorporated. 
The photomultiplier tube recommended is similar to 
RCA Development No. C70, 150, which is a 5-cm OD 
tube, having a bialkali type photocathode presently with 
a temperature rating of 90°C. An all metal and ceramic 
tube with Venetian blind type construction is recom-
mended for ruggedness. The development problems are 
to increase the operating temperature beyond 90° C, and 
to possibly as low as that of lunar minimum (-163°C). 
These are apparently being consider e d now and are 
e xpected to be ove rcome in less than two years. Present 
RCA goals are to have a temperatur e range of -19r C to 
+120°C. De c reasing the tube diamete r to 4 . 13 or 4.42 cm 
is not considered t o be a p roble m. The developmental 
tube is expected to cost around $2000. 
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Another developmental tube which may be applicable 
is the Channeltron photomultiplier tube developed by 
Bendix. (Channeltron is a registered trademark of 
The Bendix Corporation.) These tubes make use of 
channel multipliers to produce very large gains and 
can be packaged in a very small, rugged unit. These 
tubes are presently in the advanced developmental 
stage; however, they may be available as production 
items in the lunar mission time scale. 
Crystal and phototube assemblies having similar 
characteristics have been flown in space vehicles 
and missiles and thus do not represent a problem as 
far as the other environmental constraints of launch, 
flight, etc., are concerned. 
The crystal and photomultiplier tube assembly is basic 
to all four gamma ray measurements, as are the pre-
amplifier, amplifier, anticoincidence circuitry, and 
power supply and gate. There are no developmental 
problems associated with designing integrated circuit 
devices to perform these functions. The development 
cost is expected to run to about $5000 at present. Shelf 
items or microciruits having the desired character-
istics may, however, become available within the time 
scale of the mission preparation, thereby reducing the 
cost. [2] 
7. INTERFACES 
a. Proposed Experiment Location: Experiment will be con-
ducted from the LSSM vehicle. This experiment involves 
an active neutron source and may have to be located re-
motely from certain other pieces of equipment. 
b. Instrument Orientation and Stabilization: The probe will 
probably be lowered to the surface, or very near it, during 
the experiment. 
c. Access Requirements: The probe will be exposed to gamma 
radiation from the lunar surface caused by bombardment 
of the neutron source. 
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d. Environmental Requirements: The gamma detector will be 
protected by suitable shielding from direct radiation from 
the neutron source. The radiation set may be pressurized 
and located within the LSSM, but the radiation sensor probe 
must be unpressurized. 
e. Power Requirements: The power requirement is expected 
to be a continuous 40 watts during operational periods of 
the experiment. 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Binary encoded pulse-height 
analysis 
b. Data Characteristics 
1) Range of Measurement: 128 channels of pulse-height 
analysis to cover the range of 0.1 MeV to 9 MeV, 
10 bits / channel sampled once per second. 
2) Accuracy: 10/0 
3) Frequency Response: 1. 28 kilobits/sec 
4) Output Impedance(s ): Unknown 
c. Expected Data Activity: Unknown 
d. Selective Monitoring: Unknown 
e. Data Preprocessing: Pattern recognition techniques m ay be 
applicable to the analysis of data. 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Surface Neutron Neutron Survey 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b . 
c. 
General Area: Geophysics 
Detailed Category: Areal Radiation Surve y 
Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Texaco Experiment, Inc., Richmond, 
Virginia; EMR, Sarasota, Florida, [1], [2] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1 ) 
2) 
3) 
Specific Objective and Purpose: The objective of this 
experiment is to determine the hydrogen or water con-
tent of near surface formations. 
Significance and Import of Expected Results: Water 
will be one of the most valuable resources which might 
be present on the moon. If ice or permafrost is present 
in near surface strata, the neutron neutron log would be 
a very convenient tool for locating these deposits. 
Description of the Key Techniques and Scientific/ 
Technical Approaches Required: In this experiment, a 
source of fast neutrons is used to irradiate the lunar 
surface and thermal or epithermal neutrons are detected 
as an indication of the chracteristics of the material. 
This method can best be employed to determine the 
hydrogen or water content of formations since the neutron 
flux at a given distance from the neutron source is pro-
portional to the slowing down cross-section of the for-
mations. 
If a near-surface permafrost layer is present, this fact 
would probably be indicated by the results of the neutron 
neutron survey. In addition the presence of water which 
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is cheITlically bound in forITlations would also likely be 
indicated by the survey. SiITlilar indications would also 
be given to other neutron absorbers, however, such as 
boron, sulfur, and chlorine which could be expected in 
the lunar environITlent. A neutron gaITlITla log is usually 
necessary to cOITlpleITlent the findings. 
The neutron neutron experiITlent has two attractive 
features in that the response of the device is independent 
of variations in forITlation density, and not sensitive to 
natural or induced radioactivity. [1] 
b. MeasureITlents and Data 
1) Particular PhenoITlena and Characteristics to be 
Observed and Measured: The phenoITlenon to be 
ITleasured is the nUITlber of slowed neutrons which are 
eITlitted by the surface rocks after being irradiated by 
a source of neutrons. 
2) Resolution Needed to Successfully Observe the 
PhenoITlena Above: 0.01 to 10 eV quantitized to 6 bits, 
2% accuracy 
c. DeploYITlent 
1) Preferential Location or Type of Location on the 
Lunar Surface: The experiITlent will be perforITled at 
selected sites during the traverse of the LSSM. Sites 
will be chosen on the basis of the geological interpre-
tation of the area. 
2) Preferential Lunar Phase: The survey could be ITlade 
ITlore easily during the lunar day. 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ITlent is to be PerforITled: The area around the LEM/ 
Shelter will be surveyed, but the ITlajority of the survey 
will be conducted away froITl this point. 
4) Method of DeploYITlent of InstruITlentation froITl LEM/ 
Shelter: The equipITlent will be transported on the 
LSSM vehicle, which ITlust stop in order that the 
ITleasureITlent can be ITlade. The probe containing 
the neutron source and the neutron detector will proba-
bly be lowered to very near, if not in contact with, the 
surface. 
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d. Supporting Experimentation 
e . 
1 ) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: It will be 
necessary to record the position of the vehicle on the 
lunar surface at each survey site. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment: The neutron neutron survey will 
utilize a neutron detector rather than the gamma ray 
detector used in the other four nuclear experiments. 
However, certain components of the readout equipment 
will be common with the other four surveys: amplifier, 
count-rate meter, meter display, magnetic tape recorder, 
and power supply. 
4) Time Sequence Relationship: The natural gamma and 
spectral gamma ray surface surveys will be continuous 
surveys, being conducted at all times when the LSSM 
is in motion. A record will be made of the natural and 
spectral gamma radiation from the entire surface area 
which is traversed by the LSSM. The gamma gamma, 
neutron gamma, and neutron neutron will be point sur-
veys made at selected sites along the surface traverse. 
Each point survey will require the LSSM to stop for 5 to 
1 0 minute s . 
The natural and spectral gamma ray surveys, being 
continuous during travel, will be recorded first. After 
stopping, the sequence of measurements should be 
as follows: (1) gamma gamma, (2) neutron gamma , and 
(3) neutron neutron. 
Experiment Continuity and Relationship to Other Efforts 
I) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
neutron neutron survey is a search for hydrogen atoms 
in the surface and very shallow (a few feet) subsurface 
formations. Since certain atoms other than hydrogen 
cause similar survey responses, a neutron gamma sur-
vey is also needed to differentiate betwe e n the similar 
atoms. Use of the neutron neutron survey alone could 
lead to a misinterpretation of the r e sults. 
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2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commenc e: Unknown 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Neutron neutron measurements are expected to be taken 
on each LSSM excursion. A typical mission contains 
about 15 excursions. The number of measurements per 
excursion will vary, depending upon the nature of the 
surface material being traversed. Each measurement 
will require from 5 to 10 minutes. 
2) Interval Between Operationa l Periods: Intervals between 
periods will vary. 
3) Total Duration of Exper iment: Unknown 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Estimated 5 minutes 
b) Checkout and Calibration: Estimated 5 minutes 
c) Standby: None 
d) Experimentation: Estimated 5 minutes 
2) Crew Procedures Required: Crew must select sites 
for neutron neutron measurements . 
3) Crew Skills Required: The crew must be able to cali-
brate and operate the detection and recording equipment. 
They must also be ab l e to select suitable sites for taking 
measurements. 
4) Importance of Astronaut Participation: The most im-
portant function of the astronaut during this experiment 
is to select suitable sites for conducting the experiment. 
5) Crew Time Per Operational Sequence: 5 to 10 minutes 
per site 
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6) Number of Experiment Sequences Per Mission: A 
typical mis sion includes about 15 excursions. One 
excursion will be one experiment sequence. 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Thermal neutrons are 
emitted from the surface rocks after they are irradiated with 
a source of fast neutrons. Thermal neutrons react with a 
boron or lithium foil on the neutron detector instrument, re-
suIting in the production of alpha particles. These particles 
are then counted by an alpha particle detector. The detector 
feeds a preamplifier which is included in the probe. The 
preamplifier drive s the signal cable and is followed by an 
amplifier with a suitable disc riminator. Since only thermal 
neutrons are detected, pulse-height analysis is not required, 
and only integral counting is performed. The amplifier feeds 
a count-rate meter whose output is recorded. [1] 
b. Apparatus Descriptio~ 
1) Description of Following for Component: 
a) Equipment Name: Neutron Neutron Probe (solid-
state neutron detector, preamplifier, neutron source, 
and source-detector shielding) 
b) Size Stored: Diameter, 4.42 cm; length, 55.6 cm 
c) Pre s surized or Unpre s surized (stored): 
Unpressurized 
d) Weight: 9. I kg 
e) Size Operating: Same as b) above 
f) Pressuri ze d or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Unknown 
i) Pointing Accuracy: Not Applicable 
2) Description of Following for Component: 
a) 
b) 
c) 
Equipment Name: Radiation Measurement Set 
(power supply, amplifier, anticoincidence circuitry, 
gate, count-rate meter, and lneter display) 
Size Stored: 250 cm 3 
Pressurize d or Unpressuriz ed (stored): 
Unpressurized 
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d) Weight: 2.7 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
NOTE: The component weights given above are those that 
would be required if only the measurements discus sed were 
performed separately. If all nuclear logging experiments 
are to be performed, several subsystems will be common 
to more than one experiment. Table 5-10 of Reference 2 
gives weight distribution estimates of key subsystems and 
a total weight assuming all experiments are performed. 
c. Simultaneous Ob servations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
None 
d. Ancillary Equipment: Calibration source. See 4. d. 3). 
e. Required Development 
1 ) Principal Apparatus Requiring Development: Neutron 
detector probe, radiation measurement set 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment D eve lopment 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Either a BF3 counter or a semi-
conductor detector with a neutron converter foil 
appears well suited for these measurements . A 
silicon surface-barrier detector such as the Type 
SBS made by Solid State Radiations could be used with 
a boron-l 0 converter foil. BF3 counters are used 
almost exclusively in terrestrial prospecting. 
BF3 counters have been widely used for neutron 
detection for many years. A variety of types are 
available, including ruggedized versions which have 
been built for satellite flights. For example, the 
Reuter-Stokes Type RSN-945 tube has been used to 
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measure neutron fluxes during Discoverer Satellite 
flights . BF3 counters have been used in virtually 
all neutron neutron loggings on earth. [1] 
7. INTERFACES 
a. Proposed Experiment Location : This experiment will be 
conducted from the LSSM vehicle. The experiment involves 
an active neutron source and may hav~ to be located re-
motely from certain other pieces of equipment. 
b. Instrument Orientation and Stabilization: The probe will 
probably be lowered to the surface, or very near it, during 
the experiment. 
c. Access Requirements: The probe will be exposed to thermal 
and epithermal neutron radiation from the lunar surface 
caused by bombardment of the neutron source. 
d. Environmental Requirements: The detector will be pro-
tected by suitable shielding from direct radiation from the 
neutron source. The radiation set may be pressurized and 
located within the LSSM, but the radiation sensor probe 
must be unpressurized. 
e. Power Requirements: The power requirement is expected 
to be a continuous 40 watts during operational periods of 
the experiment. 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collecte d: Digitized count rate 
b. Data Characteristics 
1) Range of Measurement: 6 bits/sample, 10 samples/sec 
2) Accuracy: 2% 
3) Frequency Response: 60 bits/sec 
4) Output Impedance(s): Unknown 
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c. Expected Data Activity: Unknown 
d. Selective Monitoring: If all data is constant, or if there are 
long sections which have essentially constant readings, then 
typical responses could be selected and the remaining data 
discarded. 
e. Data Preprocessing: A local readout would be required, and 
analysis by an astronaut trained in data interpretation would 
be necessary. 
9 . SUPPLEMENTARY INFORMATION 
a. Discus sion of Facilities and Procedures Needed for This 
Experiment 
I) During the Preflight Period: Unknown 
2) During the Data Acquisition Period: Data will be 
recorded on magnetic tape and could be telemetered 
if transmission time and the required facilities were 
available. 
3) During the Postflight Analysis Period: Unknown 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Lunar Surveying Staff Gamma Fluxmeter 
2. APPLICA TIONS/ TECHNICAL AREA 
a . 
b. 
c. 
General Area: Geophysics 
Detailed Category: Mapping 
Other Interested U. S . Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts : Unknown, [9], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: A gamma ray flux-
meter in the Staff physical properties module will 
permit the determination of the spatial distribution 
of radioactivity in the surface material surveyed by 
the astronaut on foot. 
2) Significance and Import of Expected Results: This 
data will be used with other data to help determine 
the age of the lunar material. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Gamma rays incident 
upon a crystal such as thallium activated cesium iodide 
create a scintillation which is detected by a photomulti-
plier tube. After amplification the resultant pulses 
~ are counted. 
~ 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The flux of gamma rays 
resulting from the primary radioactivity of lunar 
surface materials. 
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2) Resolution Needed to Su ccessfully Observe the 
Phenomena Above: The fluxmeter will make meas-
urements within a 0 . 001 to 5.00 mr/hr range to 
accuracie s of ±O. 005 mr /hr. It will have an average 
pulse rate of 2 to 2000 c ts/sec. 
c. Deployment 
1) Preferential Location or Type of Location on Lunar 
Surface: Unknown 
2) Preferential Lunar Phase: Unknown 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: The gamma ray fluxmeter 
will be mounted at the base of the Lunar Surveying 
Staff. (See Figure 1 . ) 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: The Staff will be handcarried. 
d . Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: The trans-
mission of data from this instrument will be synchro-
nized with the Staff tracking data so that spatial varia-
tions can be correlated with other structural and 
petrologic data obtained from controlled photography 
and photometry, visual descriptions, and samples. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment : Staff tele metry package common 
to all Staff components . Pos sibility of using gamma 
detector for both Staff a nd core hole sonde should be 
inve stigated. 
4) Time Sequence R e lationship: Unknown 
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Figure 1. Lunar Surveying Staff Concept [9] 
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e. Experiment Continuity and Relationship to Other Efforts 
1 ) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Data 
should be correlated with that of the lunar orbiter and 
early Apollo (in situ and laboratory analysis of returned 
lunar samples) mis sions and the areal radiation survey 
of the LSSM traverses and the ESS data of the later MLS 
missions. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/ Work Currently Underway 
or About to Commence: A similar Staff is recommended 
for the early Apollo missions. 
5 . OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
It will be continuous as long as the astronaut uses the 
Staff. 
2) Interval Between Operational Periods: Unknown, a 
function of the extravehicular activity. 
3) Total Duration of Experiment: Unknown, a function of 
the extravehicular activity. 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a ) Setup: IO minutes 
b) Checkout and Calibration: 1 minute 
c) Standby: None 
d) Experimentati~n: See a. 1) above. 
2) Crew Procedures Required: Calibrate detector with 
galnma source of known intensity. Carry the instru-
ment to the side and activate. 
3) Crew Skills Required: Familiarity with the operation 
of the equipment. 
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4) Importance of Astronaut Participation: Equipment 
must be handcarried and operated by the astronaut. 
5) Crew Time Pe r Operational Sequence: See a. 1) above. 
6) Number of Experiment Sequences Per Mission: 
Unknown 
APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Scintillation Detector 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Gamma Ray Fluxmeter 
b) Size Stored: Shape and volume compatible with 
Staff concept and other Staff modules; approxi-
mately 315 cm 3 • 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: 0.8 kg or less 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum: Not Applicable 
h) Re solution: 12 bits 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
The areal radiation survey experiments, particularly the 
natural gamma radiation survey . 
d. Ancillary Equipment: Gamma ray source for calibration 
of fluxmeter 
e . Required Development 
1) Principal Apparatus Requiring Development: Physical 
properties module 
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2) Estimated Time Required for D eliver y of Flight 
Hardwar e Starting from Experiment Development 
Go-Ahead: 12 to 15 months 
3) Current Status of Exper iment, Espec ially Present 
State- of-the-Art: Modifi cation of presently available 
scintillation detector assembli es, miniaturization of 
electronic s. 
7. INTERFACES 
a. Proposed Experiment Locati on: Not Applicable 
b . Instrument Orientation and Stabilization: Not Applicable 
c. Access Requirements: The gamma ray scintillation counter 
and telemetry encoder will be d es igned as an easily replace-
able module near the base of the Staff. 
d. Environmental Requirements: Telemetry requirements 
compatible w ith Staff VHF video transmitter . Induced 
external electr ic and magnetic fields of module compatible 
with unimpaired operation of other Staff modules and sub-
systems. 
e. Power Requirements: O. 5 watts continuous 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORlv1A TION 
a . Form of Data to be Collected: Binary encoded count rate 
b. Data Characteristics 
1) Range of Measurements: Minimum reading, 0.001 mr/hr; 
maximum reading, 5 mr/hr; resolution, 12 bits/sample, 
one sample/ sec. 
2 ) Accuracy: ±O. 005 mr/hr 
3) Frequency Response: Unknown 
4 ) Output Impedance(s): Unknown 
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c. Expected Data Activity: Unknown 
d. Selective Monitoring: Unknown 
e. Data Preprocessing: Unknown 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
l) Preflight Period: Unknown 
2) Data Acquisition Period: Will utilize data storage 
facilities of the LSSM. 
3) Postflight Analysis Period: Unknown 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Core Hole Electrical Conductivity Logging 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b . 
c . 
General Area: Geophysics 
Detailed Categor y: Core Hole Logging 
Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: EMR, Texaco Experiment, Inc., [3], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To measure the 
electrical conductivity of subsurface formations . 
2) Significanc e and Import of Expected Results: Different 
formation types are expected to have different electrical 
properties, one of which is conductivity. In addition, 
different occurrences of the same formation type which 
have been altered in various ways, or which might con-
tain different amounts of a foreign element (such as 
water or other minerals), are expected to exhibit dif-
ferent electrical properties. Measurement of these 
properties is expected to provide information for re-
mote identification of the formation type and, perhaps, 
its form and foreign element content, if any. The 
changes in susceptibility and conductivity will give an 
indication of the magnitude of, and the presence of, 
small or abrupt changes in the layering of the subsurface. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The conductivity of 
the formation opposite the logging sonde will be meas-
ured by means of an induced electrical current. An 
alternating c urrent of appropriate frequenc y will be 
fed into a coil in the sonde. The alternating magnetic 
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field generated by the coil induces currents into the 
formation opposite the logging sonde. These currents 
create their own alternating magnetic field which in-
duces an electromotive force in a second coil within 
the sonde. The strength of this induced electromotive 
force is a function of the conductivity of the core hole 
formation. [1] The induction logging technique of 
measuring formation conductivity has the advantage 
over other electrical logging techniques in that it does 
not require the presence of water in the measurement 
environment. [1] More conventional logging tech-
niques such as the normal, lateral, spontaneous 
potential, Laterlog, and micro device logs are dependent 
upon the presence of water in the core hole . 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The conductivity of the for-
mation surrounding the logging sonde; its magnitude 
and variations as a function of depth. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Conventional oil field induction 
logging devices employ a signal of 20 kc . This signal 
is adequate to measure conductivities as low as 10- 4 
mho/m. For lunar measurements it will be desirable 
to raise the operating frequenc y in order to measure the 
lower conductivities experienced. It has been suggested 
in Reference 16 that the frequenc y range of 300 Hz to 
100 MHz be considered. 
c. Deployment 
1) Prefe rential Location or Type of Location on Lunar 
Surface: Core hole site 
2) Preferential Lunar Phase: Lunar day 
3) Location{s) Relative to LEM/Shelter Where Experi-
ment is to be Performed: Unknown 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: InstrUluentation will be lowered into the core 
hole on a cable. 
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d. Supporting Experimentation 
e. 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: The purpose 
of induction logging, like most other logging techniques, 
is to provide information for remote identification of 
formation types and properties. Logging information is 
of very little value until the response provided by the 
logging tool can be correlated with the formation type. 
This correlation can pe accomplished with the aid of a 
core from the hole which is logged. After correlating 
the core and log, the log response to certain formation 
types might be identified on the basis of logs alone. 
Induction log must be correlated with other logs run 
in the same hole and to the core removed from the hole 
if maximum benefit of log is to be realized. The initial 
running of this log and the other logs to be run in a 
cored hole will qualify them for interpretation of for-
mation types in holes which have not been cored. In 
addition to remote identification, the induction log, as 
well as other logs, will provide basic information about 
some of the properties of the subsurface formation. 
2) Any Requirement for Pre requisite Earth/ Lunar / Space 
Experimentation: Hole in the lunar surface must be 
drilled. 
3) Common Equipment: Cable and hoisting equipment will 
be common to all core hole experiments. Some drill 
assembly accessory equipment may be used. Recording 
equipment will probably be common to all core hole 
experiments. The subsurface probe will very likely 
contain a number of instruments such that simultaneous 
logging may be performed for those experiments that 
are compatible, e. g., temperature, radiation, magnetic 
susceptibility and conductivity measurements. 
4) Time Sequence Relationship: None 
Experiment Continuity and Relationship to Other Efforts 
I) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Estimates of the gross conductivity of the moon as 
determined from long-term magnetometer and other 
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experiIT1ents should be correlated with values obtained 
by this experiIT1ent and the traverse experiIT1ents de-
signed to IT1easure conductivity. 
2) Relationship of Proposed ExperiIT1ent to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to COIT1IT1ence: EquipIT1ent siIT1ilar to that 
required for the "down-hole instruIT1ent" IT1ay be de-
veloped for a Lunar Surveying Staff for the early Apollo 
IT1is s ions. 
5. OPERATIONS 
a. Duty Cycle 
l) Expected NUIT1ber and Duration of Operational Periods: 
lIDO-foot core hole per IT1ission [3], 1 to 3 10-foot 
core holes per IT1is sion [3] 
2) Interval Between Operational Periods: Only a single 
operating period for 1 DO-foot core holes. Interval 
varies on IT1issions where 10-foot core holes are also 
drilled and logged. 
3) Total Duration of ExperiIT1ent: 30 IT1inutes per run. [3] 
This tiIT1e als 0 includes tiIT1e to IT1easure susceptibility. 
b. Crew RequireIT1ents and Procedures 
1 ) EstiIT1ation of Crew TiIT1e Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: Unknown 
d) ExperiIT1entation: 30 IT1inutes [3] 
2) Crew Procedures R e quired : Check calibration of 
equipIT1ent. Operate m.echanisIT1 to lower and hoist 
sonde. Operate recording equiprnent. Astronaut 
actions required would be reading of a IT1eter and 
adjustIT1ent of a control knob or wheel for calibration 
of the instruIT1ent. 
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The next action required is placement of the tool in 
the core hole. Care must be exercised so as to not kink 
or foul the logging cable in the initial insertion into the 
core hole. Next the depth indication on the recording 
must be synchronized with the calibrated sheave indi-
cator. This requires a minor control adjustment. 
After these calibration adjustments, the instrument 
operation is automatic. It is assumed that the cali-
bration of the instrument sensing device, using standards, 
will be completed prior to leaving the vehicle. A perma-
nent record of the parameters measured will be recorded 
for transmission. 
3) Crew Skills Required: Training in operation and cali-
bration of detection and recording equipment, and 
ability to operate mechanism for lowe ring and raising 
sonde in core hole. 
4) Importance of Astronaut Participation: Setup of equip-
ment near or over core hole must be done by astronaut. 
Introduction of logging sonde into core hole must be done 
by astronaut. Astronaut may have to select proper scale 
for recording of data. Depending upon nature of data 
readout or storage astronaut may be able to determine 
whethe r or not valid data is being taken. If the data is 
invalid, the astronaut may be able to make an adjust-
ment in the equipment to obtain valid data. In such a 
case, it may be desirable to repeat a portion of the 
experiment. 
5) Crew Time Per Operational Sequence: 30 minutes per 
complete induction logging operation [3] 
6) Number of Experiment Sequences Per Mission: 
See 5. a. 1). 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: In induction logging, 
the conductivity of formations is measured by means of 
induced alternating currents. Since this is an induction 
device, insulated coils rather than electrodes are used to 
energize the formations so the core hole can contain any 
fluid, including air. This method eliminates the requirement 
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for lUoisture to ensure the good electrical contact necessary 
in the electrode devices. However, for the induction device, 
the core hole lUUSt not be cased. 
The advantages of the induction logging lUethod include its 
better ability to inve stigate thin beds due to its focusing 
properties, greater radius of investigation, and independence 
of requiring contact with the forlUation. 
As indicated by the nalUe of the lUethod, the forlUations 
surrounding the logging device are energized by lUagnetic 
induction. This is accolUplished by feeding an alternating 
current of appropriate frequency frOlU an oscillator to a 
coil, called the ItranslUitter", which is supported by an 
insulating lUandrel. The alternating lUagnetic field gene-
rated by this current induce s eddy currents, which follow 
circular paths concentric with the core hole and coil systelU 
in the forlUations surrounding the core hole. (It is well to 
note that these induced currents flow around a horizontal 
path in contrast to the vertical path used in conventional 
resistivity logging. This feature allows the induction con-
ductivity cOlUponent to give a lUore accurate lUeasurelUent 
in thick horizontally stratified beds.) These eddy currents, 
in turn, create their own lUagnetic field, which induces an 
electrolUotive force in another coil, called the Ilreceiver", 
that is lUounted on the salUe nonconductive lUandrel at a 
fixed distance frOlU the translUitter. The distance between 
the coils is referred to as II spacingll, and the point of lUeas-
urelUent is located halfway between the two coils. 
Any direct coupling between the translUitter and receiver 
coils is balanced out. In a lUediulU of zero conductivity, 
e. g., when the device is suspended in air far frolU any con-
ductive lUaterial, the instrulUent will give a zero- conductivity 
reading. 
In addition to the two lUain coils, the translUitter and re-
ceiver coils, several other coils are incorporated in the 
induction instrulUent. This allows the characteristics of 
the lUain coils and the auxiliary coils, their distribution, 
and their respective positions to be adjusted to lUinilUize 
the influence on the lUeasurelUents of the forlUations located 
above and below the instrulUent. Such sondes are referred 
to as Ilfocusingll sondes. If the translUitter current is lUain-
tained at a constant alUplitude, the intensity of the induced 
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' eddy currents is proportional to the conductivity of the 
formation. Thus, the signal induced in the receiver coil 
is proportional to the conductivity of the formation. 
Contrasts in formation susceptibility produce contrasts 
in the reluctance of the external magnetic path and thus 
change the inductance of the coil by a small amount pro-
portional to the magnetic susceptibility of the surrounding 
formation. This inductance change is purely a reactive 
component and gives rise to a change in only the quadrature 
component, jX, of the receiver coil impedance Z. 
In the practical instrument, the receiver coil is connected 
as one arm of an AC bridge. If the bridge is balanced on the 
surface and then inserted into the core hole, the bridge 
becomes unbalanced by the amount of D. Z. The total bridge 
unbalance signal is separated into its resistive and reactive 
components by phase sensitive detectors so that the elec-
trical conductivity and magnetic susceptibility can be re-
corded independently and simultaneously. 
b. Apparatus Description 
1) Description of the Following for Component: 
a) Equipment Name: Downhole Instrument 
b) Size Stored: Approximately 1 inch in diameter, 
6 to 8 inches long 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: 0.5 lbs 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
g) Frequenc y Spectrum: Monochromatic, < 1 MHz 
h) Resolution: A function of coil length and operating 
frequenc y. Design of the coil requires a compromise 
between a long coil for penetration into the formation 
and a short coil for delineating thin beds with good 
detail. 
i) Pointing Accuracy: Not Applicable 
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2) Description of Following for Component: 
a) Equipment Name: Surface Measurement System 
b) Size Stored: 5" X 5" X 2" (approximately) 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: Less than 3 lbs 
e) Size Operating: Same as b) above 
f ) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Unknown 
h) Resolution: Unknown 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Simultaneous recordings by other sensors are not necessary 
for this experiment. Note : Both conductivity and magnetic 
susceptibility may be measured by means of the same down-
hole instrument, simultaneously; the additional magnetic 
susceptibility information is gained with the addition of 
another readout channel. 
d. Ancillary Equipment: Hoisting mechanism, electrical cable 
with calibrated sheave indicator for synchronization of depth 
indicator recording, surface recording equipment, and sur-
face display - a meter for use during calibration and an XY 
plotter to aid as tronaut in performance of the experiment and 
for calling his attention to variations in formation with depth. 
Details of equipment unknown. 
e. Required Deve lopment 
1) Principal Apparatus Requiring Development: Down-
hole instrument and surface readout system. It is 
recommended that laboratory studies be conducted to 
determine the probable effectiveness of induction logging 
of core holes on the moon. 
If the conductivity of lunar formations is as low as 
10- 7 mho/ m, a sonde designed to measure dielectric 
properties would b e more appropriate than an induction 
logging device . [5] Based upon the low conductivities 
found in dry formations on earth (10- 6 to 10- 9 mho/m [8]), 
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induction logging techniques would not be practical. 
However, SOITle authorities have reported conductivities 
between 10- 3 and 10- 4 ITlho/ITleter. 
2) EstiITlated TiITle Required for Delivery of Flight 
Hardware Starting froITl ExperiITlent DevelopITlent 
Go-Ahead: Possibly a year or less 
3) Current Status of ExperiITlent, Especially Present 
State-of-the-Art: Induction logging ITleasureITlent and 
readout equipITlent is in present use in the petroleuITl 
industry. This equipITlent would require ITlodification 
to ITleet the constraints iITlposed by a lunar mis sion and 
to provide accurate data from the formations of lower 
conductivity expected on the moon. 
7. INTERFACES 
a. Proposed ExperiITlent Location: Isolation from strong 
electromagnetic fields at the frequency of operation is 
required. 
b. Instrument Orientation and Stabilization: Depth of probe 
versus instrument output should be known within one foot 
to correlate log with core samples. 
c. Access Requirements: Core hole should not be cased. 
d. Environmental RequireITlents: Required shielding and the 
temperature liITlits are unknown. Logging sonde, hoisting 
equipment, and connecting electrical cable must withstand 
the full force of the lunar environment. Recording equip-
ment may be located in a shielded compartment within the 
LEM/ Shelter or LSSM vehicle if neces sary. 
e. Power Requirements 
1) Average Power and Time Duration: 2 watts during 
30 minute run [3] 
2) Peak Power and Time Duration: Same as above 
3) Standby Power and Time Duration: Same as above 
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8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Form of Data to be Collected: Two analog voltages, one 
each for susceptibility and for conductivity 
b. Data Characteristics 
1) Range of Measurement 
Physical Units 
Minimum Reading 
Maximum Reading 
10- 9 mho/ m} Estimated Range 
10- 3 mho/m 
Resolution Unknown 
2) Accuracy: 1 % 
3) Frequency Response: Slowly varying dc (15 Hz 
maximum) 
4} Output Impedance(s): Unknown 
5) Estimated Total Bulk of Data: 30 minutes for a 
3D-meter core hole. 
c. Expected Data Activity: Unknown 
d. Selective Monitoring: A significant reduction in data is 
possible if astronaut monitors the probe measurements 
versus depth. For example, the formations could be uni-
form over the entire depth of the hole; in this case, a single 
reading would suffice. Or, the conductivity may be uniform 
with only a few exceptions; again, only the uniform value 
and the value of the deviations and their d epth would be all 
the data required. 
e. Data Preprocessing: Unknown 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Core Hole Magnetic Susceptibility Logging 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
c . 
General Area: Geophysics 
Detailed Category: Core Hole Logging 
Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Othe r Contacts: Texaco Experiment, Inc., Richmond 
Virginia; EMR, Sarasota, Florida, [1], [3] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To measure the 
magnetic susceptibility of subsurface formations. 
2) Significance and Import of Expected Results: Magnetic 
susceptibility measurements are expected to yield data 
neces sary for identification of formation types, deter-
mination of the probable location of nickel-iron mete-
orites, and determination of the existence or non-
existence of subsurface layered formations . [1] The 
expected very low magnetic field of the moon will make 
it absolutely necessary to make a measurement of 
magnetic susceptibilit y of the subsurface if magnetometer 
measurements are to be meaningful. Otherwise the 
magnetometer may measure the field of a random nickel-
iron meteorite without any indication of its presence and 
record it as a valid value of the moon's magnetic field . [1] 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The principle selected 
for magnetic susceptibility sensing is the time-proven 
inductance method whe r e the measured change in coil 
inductance will be proportional to the magnetic sus-
ceptibility of the medium through which its flux passes. 
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Since this measurement will be made with an induction 
device, the lack of moisture on the moon does not limit 
the application of this instrument. [1] 
b. Measurements and Data 
1) Particular Phe nomena and Characteristics to be 
Observed and Measured: The phenomena to be 
measured is the susceptibility of the formations sur-
rounding the core hole to induced magnetism. The 
particular characteristic to be measured is the change 
in the inductance of the receiver coil caused by con-
trasts in the reluctance of the external magnetic path 
of the coil which, in turn, is caused by changes in the 
formation magnetic susceptibility. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above : The proposed range of measurement 
is from 10 to 100,000 micro-oersted/ gauss with a sensi-
tivity of the order of 1 micro-oersted/ gauss, or micro 
cgs unit. [1] 
c. Deployment 
1) Preferential Location or Type of Location on 
Lunar Surface : Core hole site 
2) Preferential Lunar Phase: Lunar day 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Unknown 
4) Method of Deployme nt of Instrumentation from LEM/ 
Shelter: Instrument will be lowered into the core hole 
on a cable. [3] Some of the drill assembly ancillary 
equipment will likely be used for this purpose. 
d. Supporting Experimentation 
1 ) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: One purpose 
of subsurface magnetic susceptibility logging, as with 
other types of logging, is to provide information which 
can be used to remotely identify formation types and 
properties, and to locate the point of contact between 
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2) 
3) 
formations of different properties. In addition, actual 
measured values of the magnetic susceptibility of various 
formation types will be essential for the proper interpre-
tation of surface magnetic susceptibility surveys. [I] 
The magnetic susceptibility log, like other subsurface 
logs, must be correlated with the formation core re-
covered from the core hole if the maximum benefits of 
coring and all logging operations are to be realized. 
Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Hole in the lunar surface must be 
drilled. 
Common Equipment: Cable and hoisting equipment will 
be common to all subsurface probes. Some drill as-
sembly equipment will likely be used. Surface readout 
and recording equipment may be common to all or several 
subsurface probes. The subsurface probe will very likely 
contain a number of instruments such that simultaneous 
logging may be performed for those experiments that are 
compatible, e. g., temperature, radiation, magnetic sus-
ceptibility and conductivity measurements. 
For most efficient use of space, weight, volume, and 
other considerations, an instrument capable of meas-
uring the magnetic susceptibility and the electrical 
conductivity of a subsurface formation is proposed. Both 
parameters are measured by means of the same trans-
ducer, with the transducer output being separated into 
two channels to derive the susceptibility and conductivity 
data. In this way, the same information is derived as 
that obtained from the induction log, and the additional 
susceptibility information is gained with the addition of 
another readout channel. [I ] The proposed instrument 
will measure and record both magnetic susceptibility and 
electrical conductivity simultaneously. [1 J 
Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Unknown 
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2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Unknown 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
1 lOa-foot core hole per mission [3]; 1 to 3 la-foot 
core holes per mission [3] 
2) Interval Between Operational Periods: Only a single 
operating period for lOa-foot core hole. Interval varies 
on mis sions where la-foot core holes are also drilled 
and logged. 
3) Total Duration of Experiment: 30 minutes per run [3]; 
time for running induction log and magnetic susceptibility 
logs simultaneously 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: Unknown 
d) Experimentation: 30 minutes [3] 
2) Crew Procedures Required: Check calibration of 
equipment. Operate mechanism to lower and raise 
sonde. Operate recording equipment. 
3) Crew Skills Required: Training in operation and cali-
bration of detection and recording equipment. Ability 
to operate mechanism for lowering and raising sonde 
in core hole. 
4) Importance of Astronaut Participation: Setup of 
equipment near or over core hole must be done by 
astronaut. Introduction of logging sonde into core 
hole must be done by astronaut. Astronaut may have 
to select proper scale for recording of data. Depending 
upon nature of data readout or storage, astronaut may 
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be able to determine whether or not valid data is 
being taken. If the data is invalid, the astronaut may 
be able to make an adjustment in the equipment to ob-
tain the valid data. In such a case, it may be desirable 
to repeat a portion of the experiment. 
5) Crew Time Per Operational Sequence: 30 minutes per 
complete induction - magnetic susceptibility log oper-
ation [3] 
6) Number of Experiment Sequences Per Mission: 1 100-
foot core hole per mission; 1 to 3 1 O-foot core holes 
per mission 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: The sensing element 
is an induction coil and the detector is an ac bridge. To-
gether, they comprise the investigating device which is 
operated downhole at the end of the logging cable. An 
oscillator located on the surface feeds excitation current 
to the investigating device through the logging cable. A 
reference signal is also fed to the phase detecting networks 
from the oscillator. The amplified bridge unbalance is split 
into two channels with the signal in one channel being shifted 
90° with respect to the other . Each channel is then applied 
to a separate phase detector where the conductivity is de-
rived from the real component and the magnetic suscepti-
bility is derived from the reactive component of the signal. 
The outputs of the phase detectors are recorded simul-
taneously as electrical conductivity and magnetic sus-
ceptibility. [1] 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Downhole Transducer 
b) Size Stored: 1" dia., 8" length 
c) Pressurized or Unpressurized (stored): 
Unpressuri zed 
d) Weight: 0.5 lbs 
e) Size Operating: Same as b) above 
f) Pressuri zed or Unpressurized (operating): 
Unpressurized 
3 .2.2.5 
g) Frequency Spectrum: Unknown 
h) Resolution: Unknown 
i) Pointing Accuracy: Unknown 
2) Description of Following for Component: 
a) Equipment Name: Surface Readout System 
b) Size Stored: Approximately 5" X 5 11 X 2" 
c) Pressurized or Unpressurized (stored): 
Unpr e ssurized 
d) Weight: O. 3 Ib 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum : Unknown 
h) Resolution: Unknown 
i) Pointing Accuracy: Unknown 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Simultaneous recording of other data is not necessary; how-
ever, for most efficient use of space, weight, time and other 
considerations, it s e ems desirable to measure and record 
the induction and magnetic susceptibility logs simultaneously. 
d. Ancillary Equipment: Hoisting mechanism, electrical cable, 
surface recording and/ or readout equipment, calibration 
device. Details of this equipment are unknown. 
e. Required Development 
1 ) Principal Apparatus Requiring Development: Logging 
sonde and recording equipment 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Induction logging equipment is 
presently in use in the petroleum industry . This 
equipment would require modification to provide the 
additional information on magnetic susceptibility, 
to provide accurate data from the formations of lower 
conductivity expected on the moon, and to meet the 
constraints of a lunar mis sion. 
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7. INTERFACES 
a. Proposed Experiment Location: Not Applicable 
b. Instrument Orientation and Stabilization: Not Applicable 
c. Access Requirements: Not Applicable 
d. Environmental Requirements: Logging sonde, hoisting 
equipment, and connecting electrical cable must withstand 
the full force of the lunar environment. Recording equip-
ment lnay be located in a shielded cOlnpartment within the 
LEM/Shelter or LSSM vehicle if necessary. Required 
shielding and the temperature lilnits are unknown. 
e. Power Requirements 
1) Average Power and Time Duration: 2 watts during 
30-lninute run [3] 
2) Peak Power and Tilne Duration: Salne as 1) above 
3) Standby Power and Tilne Duration: Same as 1) above 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Form of Data to be Collected: Two analog voltages - one 
each for susceptibility and conductivity 
b. Data Characteristics 
1) Range of Measurelnent: 
Minimum Reading 
Maxilnuln Reading 
Resolution 
2) Accuracy: 1% 
Physical Units 
10 
100,000 
1 
3) Frequency Response: de to 15 Hz 
4) Output Impedance(s ): Unknown 
3.2.2.7 
lnicro- oersted/ gaus s 
micro-oersted/ gauss 
lnicro-oersted/ gauss 
c. Expected Data Activity: Unknown 
d. Selective Monitoring: A significant reduction in data is 
possible if astronaut m.onitors probe measurement data 
versus depth. For example, the magnetic susceptibility 
rna y be uniform over large portions of the recordings. 
e. Data Preprocessing: Unknown 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Core Hole Sonic Velocity Measurements 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geophysics 
Detailed Category: Core Hole Logging 
Other Interested U. S . Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Unknown 
b. All Other Contacts: Unknown, [1], [2], [3] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To determine the 
approximate value of the average velocity of sound 
propagation in formations at various depths in a core 
hole. 
2) Significance and Import of Expected Results: The 
formation types exposed to the core hole at various 
depths will be known from the core and other samples 
which will be recovered . Therefore, the sonic ve-
locities which are measured at these depths may be 
as signed to specific formations. It ma y then be pos-
sible to identify subsurface formations at other 
locations (where samples are not available) by meas-
uring the sonic velocities of these formations by 
seismic means, i. e., the Seismic Reflection and 
Refraction Experiments. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The velocity of a 
sonic wave between a point on the lunar surface and a 
point within the core hole will be determined by meas-
uring the time required for a wave generated by the 
surface energy source to reach the subsurface geophone. 
The timing will be done using electronic equipment. 
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b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The phenomena to be 
measured is the travel time of the compressional 
wave between the surface acoustical energy source 
and the subsurface geophone. 
2) Resolution Needed to Successfully Observe the 
Phenome na Above: ±2 milliseconds 
c . Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Experiment will be conducted within 
and near the core hole. 
2) Preferential Lunar Phase: None 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: The experiment will be 
performed in and near the lOO-foot core hole, which 
will be loc ated in the vicinity of the LEM/Shelter. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: It is anticipated that the equipment will be 
transported to the core hole on the small roving sur-
face vehicle unless the hole is very near the LEM/ 
Shelter. The geophone will be positioned in the core 
hole by hand, using a loading pole made up of sections 
of 5- to 1 O-foot hollow magnesium pipes. The geophone 
will be held against the wall of the hole at the selected 
depth by means of a 3-foot l eaf spring attached to the 
lower end of the loading pole. 
d. Supporting Experimentation 
1) Any Requir ement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Depth of geo-
phone in core hole for each shot and core hole location 
must be recorded. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Hole must be drilled in the lunar 
surface. Sonic velocity measurements on core hole 
samples. 
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3) Common Equipment: Amplifier and tape recorder 
system is the same as is used in the seismic experi-
ments. Acoustic velocity energy source and squibs 
mayor may not be common to seismic experi-
ment. [1], [2] 
4) Time Sequence Relationship: This experiment could 
be run at any time after the hole is drilled. 
Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: This 
experiment is related to the refraction seismic experi-
ment in that sonic velocities will be measured in both 
experiments. However, in the core hole experiment, 
the types of formations whose sonic velocity is measured 
will be known; but in the seismic experiments, the 
formation types will be unknown. Correlation of the 
two experiments may permit tentative identification of 
deep formations which have been investigated during 
the refraction seismic experiment. Formation sonic 
velocities will provide valuable information on the 
physical characteristics of lunar formation types. 
Correlation of this data with properties obtained from 
other experiments will contribute to a b e tte r under-
standing of lunar lithology. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/ Work Currently Underway 
or About to Commence: Unknown 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
The subject experiment will be conducted in lIDO-foot 
core hole per mission. There will be 10 operational 
periods lasting 1 minute each . 
2) Interval Between Operational Periods: The interval 
between each operational period will be 3 minutes. 
3 .2 .3. 3 
3) Total Duration of Experiment: The time required to 
conduct one experiment has been estimated to be 90 
minutes. [3] 
b. Crew Requirements and Procedures 
l) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: Unknown 
d) Experimentation: Unknown 
NOTE: Total crew time required == 90 minutes 
for 2 astronauts 
2) Crew Procedure s Required: Outside astronaut must 
uncoil geophone cable and position geophone at proper 
depth within the core hole using a sectionalized loading 
pole. After shot, outside astronaut must reposition 
geophone in the core hole and make any neces sary 
adjustments or changes in the surface energy source. 
Inside astronaut must make proper settings on recording 
equipment and detonate energy source. Inside astronaut 
may be able to monitor recordings to determine if valid 
data is being received. 
3) Crew Skills Required: Skills required of the outside 
astronaut will consist primarily of manual de xte rity. 
This astronaut may also have to handle the surface 
energy source w hich w ill present a hazard . Inside 
astronaut must have training in the checkout and oper-
at i on of the recording equipment. He should also be 
able to recognize invalid data if monitoring is possible. 
4) Importance of Astronaut Participation: Astronaut 
participation is required to position the geophone 
within the core hole. 
5) Crew Time Per Operational Sequence: 90 minutes for 
2 astronauts 
6) Number of Experiment S e quences Per Mission: One 
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6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Measurements of the 
average sonic velocity of the compressional wave between 
an energy source point on the surface and a point at some 
depth within the core hole will be made by measuring the 
travel time of the wave between these points. The energy 
source will probably be provided by the explosion of a 
hydrogen-oxygen gas mixture within a confined space at a 
point on the surface near the core hole . [1] A geophone 
will be positioned at a different point within the core hole 
b. 
c. 
for each surface shot. A series of 10 shots for each experi-
ment has been suggested with the geophone located at suc-
cessive 10-foot intervals within the core hole. [1] The 
data provided by this experiment can be used to construct 
a vertical depth versus travel time curve. The slope of the 
curve at any depth will then give an approximate value of 
the average formation velocity at that depth. 
Apparatus Description 
Weight Volume 
(kg) (cm 3) 
Geophone 0.27 24.6 
Cable 2. 72 14,700 
Loading Pole s 6.25 3,854 
Acoustic Velocity Instrument 0.227 515 
15 Squibs 1.3 204 
Amplifier 4. 07 7,080 
NOTES: Geophone - Resolution, ±2 microseconds; 
frequ e ncy spectrum, 4.5 to 150 Hz 
All equipment i s unpressurized 
Simultaneous Observations by Sensors Oth.;r Than Those 
Specified Above Which Would Enhance the Experiment: The 
position of the geophone in the cor e hole must be recorde d. 
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d. Ancillary Equipment: _ The amplifier and tape recorder 
systems are the same equipment used in the seismic 
reflection and refraction experiments. 
l) Description of Following for System 
a) Equipment Name: 6-Channel Seismic Amplifier 
System 
b) Equipment Size Stored: 7080 cm 3 
c) Electrical Characteristic s: Power required, 
lO watts 
d) Weight: 4. 07 kg 
2) Description of Following for System 
a) Equipment Name: Tape Recorder (7-Channel) 
b) Equipment Size Stored: 5260 cm 3 
c) Electrical Characteristics: Power required, 
30 watts 
d) Weight: 4. 98 kg 
e. Required Development 
l) Principal Apparatus Requiring Development: Loading 
pole s and a devic e for securing geophone to side of 
core hole 
2) Estimated Time Required for Delivery of Flight 
Hardwar e Starting from Experiment Deve lopment 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especia lly Present 
State-of-the-Art: The loading pole is conceptually a 
very simple device; only the details of its construction 
and how the parts fit togethe r need to be determined. 
Simple methods have been proposed for securing the 
geophones but the technqiues must be field tested. 
NOTES 
Developlnent of a suitable acoustic energy source is 
required. The designing of seismic measuring instru-
ments for use on the moon presents no insurmountable 
prob lems. Miniaturization and modification of existing 
instrument designs should produce the desired results. [2] 
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7. 
Digital equiplTIent presently in geophysical use is 
relatively bulky and has not been widely used in 
rugged environlTIents. However, digital recorder s 
including necessary electronic instrulTIentation of 
lightweight cOlTIpact design have been successfully 
designed for satellite use and can be adapted for use 
in a lunar exploration progralTI. [2] 
Off-the- shelf developlTIent tilTIe for this experilTIent 
is estilTIated to be 12 lTIonths. [2] 
INTERFACES 
a. Proposed ExperilTIent Location: The lOO-foot core hole will 
be located near the LEM/Shelter. A surface release of 
energy is part of this experilTIent. Care lTIust be taken to 
insure that other equiplTIent is not dalTIaged by this release. 
In all probability, it will not be possible to conduct other 
experilTIents silTIultaneously with the subject experilTIent. 
b. InstrulTIent Orientation and Stabilization: Geophone will be 
stabilized in the core hole. 
c. Access RequirelTIents: Geophone lTIust be in good contact 
with the side of the core hole. 
d. EnvironlTIental RequirelTIents: Geophone, cable, surface 
energy source, and loading pole lTIust withstand exposure 
to full force of lunar environlTIent. AlTIplifying and re-
cording equiplTIent lTIa y be shielded against lunar radiation, 
vaCUUITI, and therlTIal effects. TelTIperature lilTIits of 
present designs of equiplTIent are as follows: [2] 
EquiplTIent Operating Storage 
Geophones 
-40°C + 50°C -200°C + 65°C 
Cable -l40°C + 110°C -l40°C + 110°C 
AlTIplifiers -40°C + 50°C -40°C + 60°C 
Tape Recorder -35°C + 45°C -40°C + 65°C 
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e. Power Requir ements : Power requirements during various 
phases of equipment operation are unknown . 
1) Average Powe r and Time Duration: 40 watts for an 
estimated 60-minute period (for recorder) 
2) Peak Power and Time Dur ation: 40 watts for an esti-
mated 60- minute period 
3) Standby Power and Time Dur a tion: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Analog voltage (geophone 
output), to be recorded on magnetic tape. 
b. Data Characteristics 
1) Range of Measurement: One channel of audio recorded 
6 seconds at each 3-meter step of a 30-meter core hole. 
If digitiz e d, 36 kilobits for a 30-meter core hole. 
2 ) Accuracy: Measuring travel time versus depth with 
resolution of ±2 milliseconds, 5% accuracy. If 
digitized, 12 bits/sample, 500 samples/sec. 
3) Frequency Response: 4.5- 150 Hz 
4) Output Impedanc e (s): Unknown 
c. Expected Data Activity: Data for eac h operational period 
will be recorde d in a 5.5 second interval. No data will be 
recorded between operational periods. 
d. Selective Monitoring: If local readout is provided (strip 
chart recorder), the as tronauts can monitor or periodically 
check the data which is being recorded. If this data is 
invalid due to some equipment malfunction or error in pro-
cedure which can be corrected locally, the astronaut may 
be able to make the neces sary corrections to permit the 
recording of valid data. Thus, the handling of invalid data 
ma y be reduced. 
e. Data Preprocessing: No data reduction is anticipated on the 
lunar surface. 
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9. SUPPLEMENTARY INFORMA TION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: The data recording on magnetic tape may be 
telemetered to earth, in which case telemetering facilities 
will be required. 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Core Hole Thermal Conductivity Measurement 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geophysics 
Detailed Category: Core Hole Logging 
Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [1], [2] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: The objective of the 
experiment is to determine the thermal conductivity 
of lunar subsurface formations. 
2) Significance and Import of Expected Results: The 
theories concerning the formation, growth, and 
thermal balance of a planet may all be enhanced by 
the availability of subsurface heat flow data. [2J 
The flow of heat is computed from the product of 
two measured quantities, the temperature gradient, 
and the thermal conductivity of the material that exists 
in a direction parallel to the desired heat flow. [2J 
Therefore, one fact necessary to determine the heat 
flow from the interior of the moon is the thermal 
conductivity. 
3) Description of the Key Techniques and Scientific! 
Technical Approaches Required: The measurement of 
thermal conductivity is an indirect process. In a 
general description of the method, a sample of the 
material is carefully prepared and dimensionally 
checked. A known quantity of heat is passed through 
the sample, and the temperature on both sides of the 
sample in the direction of heat flow is measured. The 
3.2.4.1 
in a seismic experiment for the detonation of explosive 
charges would so alter the core hole that it might not 
be suitable for the subject expe riment and the t empe r-
ature experiment. 
e. Experiment Continuity a nd Relationship to Other Efforts 
1) Relationship of This Exper iment to Additional Steps 
or Phase Required to Satisfy Overall Obj ective: 
Therma l conductivity is one of the quantities which is 
required in order to calculate lunar heat flow at the 
location of the core hole. The other quantity, the 
subsurface t empe rature gradient, will also be meas-
ured in the core hole by the Core Hole Temperature 
Measurement Experiment . 
2) R e lationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Heat flow experiments will be 
initiated as part of the early Apollo experiments. The 
infrared studies of the manned lunar orbiter group are 
also related. 
5. OPERATIONS 
a . Duty Cycle 
1) E x pected Numbe r and Duration of Operational P eriods: 
The heate rs will b e activated for conductivity m easu re-
ments only one tirrl e. Temperature sensors will b e 
monitored p eriodically for life of ESS. 
2) Interval Between Ope rational Periods : Not applicable 
fo r heater s; pe riod b etwee n temperature sarnpling is 
probably O. 1 hr following h ea t appli cation , and each 
hour at l ate r times and at g r e ate r distances from. h ea t 
source. 
3) Total Duration of E xperiment : Conductivity experiment 
is compl e t e when e quilibriurn is atta ine d following heating. 
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b. Crew Requirements and Procedures 
l) Estimation of Crew Time Required For: 
a) 
b) 
c) 
d) 
Setup: 175 minute s 
Checkout and Calibration: 25 minutes 
Standby: None 
Experimentation: None 
2) Crew Procedures Required : See Table 1. 
3) Crew Skills Required: Instruction in proper deploy-
ment of probe in core hole, setting up and connecting 
components, equipment checkout, and possibly cali-
bration. 
4) Importance of Astronaut Participation: Astronauts 
will be required to place probe in core hole and to make 
necessary connections and equipment checks. 
5) Crew Time Per Operational Sequence: 200 minutes 
6) Number of Experiment Sequences Per Mission: One. 
This will be an ESS experiment, the duration of which 
will extend beyond the time the astronauts are on the 
lunar surface. 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: The thermal conductivity 
element of the heat flow probe is in the form of a cylindrical 
frame approximately 2 inches in diameter and 24 inches long. 
Surrounding the frame is an inflatable heater bag consisting of 
a heating element imbedded in a flexible cover. In the center 
of the frame are 3 spring-loaded temperature sensors. Actu-
ation of the sensors to press them against the core hole wall 
also triggers a compres sed gas cylinder to inflate the heater 
against the wall. The actuating mechanism may be either 
mechanical or electrical. Since the probe will be left in the 
core hole, the temperature sensors will be extended to con-
tact the core hole wall and will not be retracted. Similarily, 
the heater bag will be inflated to contact the core hole wall 
and will be left in place. The inflating gas will be supplied 
by a self-contained cylinder under pressure located in the 
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TABLE 1 
SEQUENCE OF OPERATIONS [1] 
Time (minutes) Skill and 
No. Operati()n Astronaut Running Dexterity 
1 
2 
3 
4 
5 
Lower heat flow probe into core hole 
Check out sensors, heaters, power, gas pressure 
Activate sensor deployment and heater inflator 
mechanisms 
Check out sensor operation in ESS. Return with LSSM, 
connect to LSSM power supply 
Turn on heater, monitor temperature versus time 
change 
6 After stability reached (step 5), turn off heater, reset 
data recorder to long-time count 
7 
8 
Disconnect probe from LSSM, connect to ESS and 
check out 
Leave area, check out at a distance from core hole 
TOTAL 
15 15 Nominal 
10 10 Minimum 
10 10 Minimum 
10 10 Minimum 
120 600 Minimum 
10 10 Minimum 
15 10 Nominal 
10 10 Minimum 
200 695 
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probe housing. Heater bag inflation will take place at the 
same time as temperature sensor extension, and may be 
initiated either mechanically or electrically. [1] 
The heaters will be supplied direct current through the 
main power cable, which would also supply power for the 
temperature sensor electronics. Each temperature sensor 
will be a part of a small milliwatt transmitter with capaci-
tive or inductive coupling to the power cable to carry the 
signal to the surface. Suitable electronic equipment must 
be provided at the ESS to decode this information from the 
sensors and relay it to the main ESS transmitter. The 
distance between the heater bags and temperature sensors 
is known and the temperature of the formation where it is 
contacted by the heater is also known since heat is applied 
at this point. Therefore, the artificial temperature gradient 
imposed by the heater elements, dT / dZ, can be determined 
by reading the formation temperature at the temperature 
sensor. The thermal conductivity of the formation between 
the heater bags and the temperature sensors can then be 
determined by dividing the quantity of heat which is being 
introduced into the formation by the temperature gradient 
over the same interval. 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Conductivity Measuring 
Package (3 required) 
b) Size Stored: Approximately 1-1/2" in dia., 
24" long 
c) 
d) 
e) 
f) 
g) 
h) 
i) 
Pressurized or Unpressurized (stored): 
Unpres surized 
Weight: 1.5 kg each (4.5 kg total) 
Size Operating: Approximately 2" in dia., 2411 
long (heater bags will be inflated) 
Pressurized or Unpressurized (operating): 
Unpressurized (heater bags must remain inflated) 
Frequency Spectrum: Not Applicable 
Resolution: Accuracy within about 10% 
Pointing Accuracy: Not Applicable 
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2) Description of Following for Component: 
a) Equipment Name: Probe Electronic Package 
b) Size Stored: Approximately 2" dia., 5' long 
c) Pres surized or Unpre ssurized (stored): 
Unpressurized 
d) Weight: 10 lb 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpre ssur ized 
g) Frequency Spectrum: Not Applicable 
h) Re solution: ±O. 02 0 C 
i) Pointing Accuracy: Not Applicable 
3) Description of Following for Component: 
a) Equipment Name: Connecting Cable s 
b) Size Stored: 2 cu. it 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 40 lbs 
e) Size Operating: Approximately 100 it in length 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Not Applicable 
h) Res o lution : Not Applicable 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: A 
simultaneous recording of time is necessary for each 
temperature reading (performed by the ESS). 
d. Ancillary Equipment: No hoisting equipment will be re-
quired to lower the probe into the core hole; it is light 
enough to be carried and lowered into place by hand. The 
ESS power supply will be used after an equilibrium temper-
ature is attained at the conductivity measuring packages. 
The ESS data handling system will also be utilized. 
An auxiliary power source will be necessary to supply 
120 watts of power for 10 hours during heater operation. 
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I) Equipment Name: Auxiliary Power Source (lead cells) 
2) Equipment Size Stored: I cu. ft 
3) Electrical Characteristics: Supply 120 watts for 10 
hours 
4) Weight: 65lb 
e. Required Development 
1) ' Principal Apparatus Requiring Development: Con-
ductivity Measuring Package 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: It is estimated that approximately 
$250,000 would be required for the mechanical and 
electronic development of the system and delivery 
of one complete and calibrated probe as described 
for the 30-meter core hole. [2J 
7. INTERFACES 
a. Proposed Experiment Location: Experiment will be con-
ducted in the 100-foot core hole. Since ESS power and data 
handling equipment will be utilized, remainder of ESS com-
ponents should be located nearby. 
b. Instrument Orientation and Stabilization: Probe will be 
permanently installed in the 100-foot core hole. The 
thermal conductivity measuring packages and the temper-
ature sensors will probably have been prespaced along the 
central connecting cable. Many earth days are required for 
final temperature stabilization . 
c. Acces s Requirements: After the probe has been installed 
in the core hole, the heater bags will be inflated until they 
contact the core hole walls. The temperature sensors will 
also be expanded to contact the core hole walls. 
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d. Environmental Requirements: No special shielding will be 
required. Probe will be unpressurized, but some ESS 
central pow er or control equipment might b e. 
e . Power Requir ements 
I) Average Power and Time Duration: 1.5 watts intermit-
tently plus 120 watts for 10 hours to supply the heater 
elements. 
2) Peak Power a nd Time Duration: 121. 5 watts for 10 
hours to initiate experiment. 
3) Standby Pow e r and Time Duration: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INF ORMA TION 
a. Form of Data to be Collected: Six channels of dc or carrier 
signal 0- 5 volts to be sampled periodically. Excitation 
(carrier) ne e d not be turned on except at sample time. 
b. Data Characteristics 
l) Range of Measurement: 
Minimum Sig nal 
Maximum Signal 
Resolution 
Physical Units 
-40°C 
+40°C 
0.5°C 
2) Accuracy: 0.62% of full scale 
Electrical Units 
o volt 
5 volts 
O. 031 volt 
3) Frequency Response: To provide adequate speed of 
response, the temperature measurement system needs 
a therma l cyc le r esponse of 0- O. 1 Hz. 
4) Output Impedanc e (s): Thermistor bridge units, 1200 
ohms; null detector output, 1000 ohms 
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c. Expected Data Activity: Teznperatures at heat source rise 
above liznitations of sensing units; however, the values 
several zneters above or below in the sazne core hole will 
show a gentle rise and fall extending over a period of 
several days. 
d. Selective Monitoring: None 
e. Data Preprocessing: 1£ forznation has low conductivity, 
then data compression methods are recoznznended. 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiznent 
1) Preflight Period: None 
2) Data Acquisition Period: None 
3) Postflight Analysis Period: Results will be of greater 
value if coordinated with similar measureznents frozn 
other test sites. 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Core Hole Natural Gamma Logging 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geophysics 
Detailed Category: Core Hole Logging 
Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Texaco Experiment, Inc., Richmond, 
Virginia; EMR, Sarasota, Florida, [1], [3], [7] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1 \ 
.1 , 
2) 
3) 
Specific Obje c tiv e and Pur pose : To lTIeaSll r e the 
natural gamma radiation of the formations surrounding 
the core hole. 
Significance and Import of Expected Results: Since 
the concentrations of radionuclides and their host 
minerals are generally controlled by rock forming 
processes, patterns in the radiation spectra usually 
parallel geological patterns. [1] The natural gamma 
radiation measurements will permit the construction of 
a continuous radioactivity profile along the core hole. 
This core hole profile may then be correlated with the 
recovered core to establish the magnitude of natural 
gamma radiation produced by each formation type and 
form. This information will help to identify subsurface 
formations and formation type interfaces in core holes 
where the natural gamma log has been run but where no 
cores were taken. The intensity of natural gamma radi-
ation may provide a very valuable clue to formation type 
identification. 
Description of the Key T e chniques and Scientific/ 
Technical Approaches Required: The principal sources 
of natural gamma rays are formations containing one or 
3 .2 .5 . I 
more of the elements, potassium 40, uranium, or 
thorium. The presence of gamma radiation may be 
detected and measured by lowering an instrument con-
taining a scintillation counter into the core hole. The 
scintillation detector contains a transparent crystal 
which gives off a very minute flash of light when struck 
by a gamma ray, and a photomultiplier tube which pro-
duces an electrical impulse when the light strikes it. [7] 
The light output and also the photomultiplier pulse are 
dependent on the kind of incident particle and its energy. 
Thus, scintillation detectors can yield information on 
both the intensity and energy distribution of the incident 
radiation . [1] In the natural gamma ray log, only 
gamma ray intensity is recorded . 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The phenomenon to be 
observed and measured is the natural radiation of 
gamma rays from the formations surrounding the core 
hole. This radiation is produced by the natural radio-
active decay of potassium 40, uranium, or thorium 
which may be present in the formations . 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: The following scale ranges have 
been recommended: 
Scale Range Scale Range Smallest Scale Div. 
(cts / second) (mr /hr) (mr/hr) 
o - 100 o - O. 0025 O. 00005 
o - 1, 000 o - O. 025 O. 0005 
o - 10, 000 o - 0.25 O. 005 
o - 100, 000 o - 2.5 O. 05 
Since it is anticipated that the same instrument will be 
used for surface areal surveys conducted from a moving 
vehicle, the response rate of the count-rate circuits 
should be fast enough to register significant changes in 
radiation level while the vehicle is traveling at a speed 
of 5 km/hr. [1] 
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c. Deployment 
I) Preferential Location or Type of Location on the 
Lunar Surface : Within core hole 
2) Preferential Lunar Phase: None preferred 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: I ~O-foot core hole will be 
near LEM/ Shelter; IO-foot core hole will be away from 
LEM/ Shelter 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Instrument will be lowered into the core hole 
on a cable. [3] Some of the drill assembly ancillary 
equipment will likely be used for this purpose. Equip-
ment will be transported on LSSM where necessary. 
d. Supporting Experimentation 
I) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Simultaneous 
recording of depth of the instrument is required. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Hole must be drilled in lunar surface 
3) Common Equipment: Cable and hoisting equipment will 
be common to all subsurface probes. Some drill assem-
bly equipment will likely be used. Surface readout and 
recording equipment may be common to subsurface 
probes. The cable, hoisting mechanism, and depth re-
cording device will be common to all subsurface logging 
experiments. 
A scintillation gamma ray detection system will be 
common to four different types of nuclear surveys, each 
of which will consist of an areal and a subsurface survey. 
Thus, the same gamma ray detector will be used in 8 
experiments. 
a) Natural gamma ray, surface and subsurface 
b) Spectral gamma ray, surface and subsurface 
c) Gamma gamma ray, surface and subsurface 
d) Neutron gamma ray, surface and subsurface 
3.2. 5. 3 
The gamma ray detection system consists of two 
primary components, a radiation sensor probe and a 
radiation measurement set. The probe contains the 
following subcomponents: cesium iodide scintillation 
crystal detector, Pilot B plastic scintillator, photo-
multiplier tube, preamplifier, and a high-voltage 
converter. 
The radiation measurement set contains the following 
subcomponents: power supply, amplifier, anticoinci-
dence circuitry, electronic gate, count-rate meter, 
meter display (for visual scale readings), magnetic 
tape recorder, and a pulse-height analyzer - 128 
channels. 
The natural gamma ray experiment does not require 
the following component; however, it is required for 
other surveys as indicated: pulse -height analyzer -
spectral gamma (32 channels) and neutron gamma (128 
channels). This unnecessary component will be by-
passed by making appropriate switch settings on the 
measurement set panel. 
It is anticipated that the same natural gamma ray 
detection equipment (crystal d e tector, photomultiplier 
tube, preamplifier, and a high-voltage converter) will 
be utilized for the surface areal survey as well as the 
subsurface probe for the natural gamma, spectral 
gamma, gamma gamma, and neutron gamma measure-
ments. 
4) Time Sequence Relationship: The natural gamma radi-
ation log should be run prior to active radiation logs 
such as gamma gamma, neutron gamma, and neutron 
neutron in order to prevent contamination of the natural 
environment with induced radiation. In addition, infor-
mation from the natural gamma log will be useful in 
selecting sampling points for the spectral gamma ray 
log which follows. 
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e. Experiment Continuity and Relationship to Other Efforts 
I ) 
2) 
Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Natural 
gamma ray measurements can be used to explore and 
analyze the moon's subsurface. The natural gamma ray 
log is just one of the many logs which will be run in the 
core holes. One log alone cannot supply very detailed 
information; however , when several logs are run and 
correlated they may provide a great deal of information 
about the subsurface formation types and form. The 
gamma ray log is expected to be very discriminating in 
detecting lithological changes in the core hole, but it is 
not expected to provide sufficient information to identify 
the different forms and types of strata. Identification 
may be possible, even though actual samples are not 
available, by using other logs in conjunction with the 
natural gamma ray log. 
Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Unknown 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
2) 
Log 1 lOO-foot core hole per mission, 10 minutes. 
Log 0 to 3 lO-foot core holes per mission, estimated 
5 to 8 minutes per core hole. Continuous during experi-
ment. 
Interval Between Operational Periods: Only a single 
operating period per mission for lOO-foot core holes. 
Interval between lO-foot core holes varies from 2 to 
IO days on missions where those core holes are to be 
drilled and logged . 
3) Total Duration of Experiment: Time for instrument 
checkout and logging of a IOO-foot cor e hole should not 
exceed 10 minute s . [I] 
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b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: 5 minutes 
b) Checkout and Calibration: Negligible 
c) Standby: None 
d) Experimentation: 5 minutes for 100-foot core hole 
2) Crew Procedures Required: Check calibration of 
equipment at least twice during a measurement sequence; 
just after switching the instrument on and before turning 
it off. Operate mechanism to lower and raise sonde. 
Operate recording equipment. 
3) Crew Skills Required : Training in operation and cali-
bration of detection and recording equipment. Ability 
to operate mechanism for lowering and raising sonde 
in core hole. 
4) Importance of Astronaut Participation: Setup of equip-
ment near or over core hole must be done by astronaut. 
Introduction of logging sonde into core hole must be 
done by astronaut. Astronaut may have to select proper 
scale for recording of data. Depending upon nature of 
data readout or storage, astronaut may be ab le to deter-
mine whether or not valid data is being taken. If the 
data is invalid, the astronaut may be able to make an 
adjustment in equipment to obtain valid data. In such 
a case, it may be desirable to repeat a portion of the 
experiment. 
5) Crew Time Per Operational Sequence: 10 minutes for 
equipment checkout, setup, and logging a 100 - foot core 
hole. Estimated 8 minutes for 10-foot core holes. 
6) Number of Experiment Sequences Per Mission: 1 100-
foot core hole per mission, 0 to 3 1 O-foot core holes 
per mis sion. 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Scintillation detectors 
use the light output produced by radiation in certain scintil-
lator materials. This light is detecte d by a photomultiplier 
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tube which produce s an electric signal. A proposed instru-
ment type employs a cesium iodide crystal surrounded by a 
thin layer of Pilot B plastic scintillator. Pilot B produces 
a light output when charged particles pass through it, but it 
has a low sensitivity to gamma rays. The cesium iodide 
crystal, on the other hand, is sensitive to both charged 
particles and gamma rays. Thus, by using anticoincidence 
circuitry and an electronic gate, only those incidences which 
produce a pulse in the cesium iodide crystal while not pro-
ducing a simultaneous one in the plastic scintillation (very 
probably gamma rays) are counted. This feature may be 
very important on the moon, where because of lack of 
atmosphere, the charged particle background may be quite 
high. [1] 
Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Radiation Sensor Probe (crystal 
detector, photomultiplier tube, preamplifier, and 
a high-voltage converter) 
b) Size Stored: Diameter, 4.42 cm; length, 20.4 cm 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: O. 9 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
g) Frequency Spectrum: See 4. b. 2) 
h) Resolution: See 4. b. 2) 
i) Pointing Accuracy: Not Applicable 
2) Description of Following for Component: 
a) Equipment Name: Radiation Measurement Set -
contains power supply, amplifier, anticoincidence 
circuitry, electronic gate, count-rate meter, 
meter display (for visual scale readings) and data 
processor 
b) Size Stored: 250 em 3 
c) Pressurized or Unpressured (stored): 
Unpressurized 
d) Weight: 2.7 kg 
e) Size Operating: Same as b) above 
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f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy : Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
None 
d. Ancillary Equipment : Hoisting Mechanism, Electrical 
Cable, and Calibration Device . See 4. d. 3) . Character-
istic s are unknown. 
e. Required Development 
I) Principal Apparatus Requiring Development: Logging 
Sonde, [2] Recording Equipment 
2) Estimated Time Requir e d for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Expe r iment, Especially Present 
State-of-the-Art : Natural gamma ray logging equipment 
is presently in use in the petroleum industry. This equip-
ment would require some modification to most efficiently 
meet the constraints of a lunar mission. 
7. INTERFACES 
a. Proposed Experiment Location: Experiment will be con-
ducted with sonde in core hole. No radioactive sources will 
be included in the sonde or surface equipment, so there is no 
requirement that this equipment be located remote to other 
equipment. 
b. Instrument Orientation and Stabilization: Instrument will be 
stabilized within core hole by centering springs. 
c. Access Requirements: Logging sonde will be exposed to the 
natural gamma ray radiation of the formations surrounding 
the core hole. 
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d. Environmental Requirements: There are no shielding 
requirements for this experiment except that the sonde not 
e. 
be shielded from formation natural gamma radiation. Radi-
ation measurement set may be pressurized and located within 
LSSM, but hoisting equipment, cable, and radiation sensor 
probe must be unpressurized. 
Power Requirements : Power requirement is expected to be 
a continuous 5 watts during checkout of the instrument and 
conduction of the experiment. 
1) Average Power and Time Duration: 5 watts during 10 
minute run [l J 
2) Peak Power and Time Duration: Same as 1) above 
3) Standby Power and Time Duration: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Form of Data to be Collected: Meter scale readings for 
calibration purposes; count-rate meter, digital output of 
6 bits at lO samples per second. 
b. Data Characteristics 
c. 
1) Range of Measurement: Count-rate meter has 4 ranges 
(see suggested scale ranges in 4. b. 2)). Astronaut 
selects the appropriate range. Resolution required -
6 bits/ sample 
2) Accuracy: 1 % 
3) Frequency Response: 60 bits/sec 
4) Output Impedance(s ): Unknown 
Expected Data Activity: Continuous during logging 
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d. Selective Monitoring: None, but data compression techniques 
applicable for 10 to I data reduction. If all data is constant, 
or if there are long s e ctions which have essentially constant 
readings, the n t ypical r e spons e s could be selected and the 
remaining data discarded . 
e. Data Preprocessing: A local r e adout would be required, and 
analysis by an a stronaut trained in log interpretation would be 
neces sary. 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of F ac ilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Core Hole Spectral Gamma Logging 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geophysics 
Detailed Category: Core Hole Logging 
Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Texaco Experiment, Inc., Richmond, 
Virginia; EMR, Sarasota, Florida, [1], [3] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: The purpose of this 
experiment is to determine strata concentrations of 
particular radionuclides by core hole measurements. 
2) Significance and Import of Expected Results: The three 
radioactive elements (potassium, thorium, and uranium), 
which are distinguished by gamma ray logging with energy 
discrimination and spectroscopy, would serve to separate 
stony meteorites from rhyolites and basalts; i. e., this 
experiment would distinguish meteoritic formations from 
crystal formations. The radiation spectrum can be 
analyzed to yield the ratio of U/Th/K and to make dis-
tinctions between formations, species, and among 
minerals. [1] 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The spectral gamma 
ray log is simply a more detailed presentation of the 
natural gamma radiation detected by the natural gamma 
ra y logging instrument. The principle of ope ration is 
the same; namely, a scintillation crystal, which gives 
off a flash of light when struck by a gamma ray, and a 
photomultiplier tube to convert the light to electrical 
energy. The intensity of the light is proportional to 
3.2.6. 1 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective : Natural 
garnma measurements give satisfactory qualitative infor-
mation; however, spectrographic experiments will give 
more quantitative information on the concentrations of 
potassium, thorium, and uranium in lunar formations. 
This will provide an additional index which may prove 
very valuable in identification of these materials and in 
the comparison of their concentrations in lunar and earth 
materials. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Unknown 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Log 1 1 OO-foot core hole per mission, 0 to 3 lO-foot 
core holes per mission. 
2) Interval Between Operational Periods: Only a single 
operating period per mission for a 100-foot core hole. 
Interval between 1 O-foot core holes varies from 2 to 10 
days for those missions where these core holes are to 
be drilled and logged. 
3) Total Duration of Experiment: In this experiment, 
logging is not continuous. A number of sample points 
will be selected and the formations "sampled" by 
positioning the logging sonde opposite these points long 
enough to gather sufficient data for an analysis of the 
formation. The experiment will require 5 to 15 minutes 
per sample point. Number of sample points per run is 
unknown. This decision will probably be made by astro-
naut on surface. [1] 
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b. Crew Requirements and Procedures 
l) Estimation of Crew Time Required For: 
a) 
b) 
c) 
d) 
Setup: Estimated 5 minute s 
Checkout and Calibration: Estimated 5 minutes 
Standby: None 
Experimentation: 5 to 15 minutes per sample 
point [l] 
2) Crew Procedure s Requir ed: Check calibration of 
equipment at least twice during a measurement sequence; 
just after switching the instrument on and just before 
turning it off. Operate mechanism to lower and raise 
sonde. Operating recording equipment. Select sampling 
points. 
3) Crew Skills Required: Training in operation and cali-
bration of detection and recording equipment. Ability 
to operate mechanism for lowering and raising sonde 
in core hole. Ability to select sampling points which 
are likely to provide most information. 
4) Importance of Astronaut Participation: Setup of equip-
ment near or over core hole must be done by astronaut. 
Introduction of logging sonde into core hole must be done 
by astronaut. Astronaut may have to select proper scale 
for recording data. Depending upon the nature of data 
readout or storage, determination may be made by the 
astronaut as to whether or not valid data is being taken. 
If the data is invalid, the astronaut ma y be able to make 
an equipment adjustment to obtain valid data. In such a 
case, it may be desirable to repeat a portion of the 
experiment. Astronaut must select sample points for 
subject experiment based on other data he has collected 
such as the recovered core and the natural gamma ray 
log. 
5) Crew Time Per Operational Sequence: 5 to 15 minutes 
per sampling point. Number of sampling points is 
unknown. [ 1 ] 
6) Number of Experiment Sequences Per Mission: 1 100-
foot core hole per mission, 0 to 3 1 O-foot core holes 
per mis sion. 
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6. APPARATUS D E SCRIPTION 
a. Propos ed Methods of Measurement: The spectral gamma 
ray experiment cons is ts of no more than a different type of 
output r ecor d of the n atural gamma ray logging experi-
ment. [l J A scintillation crysta l in the sonde gives off a 
flash of lig h t when struck by a gamma ray. A photomulti-
plier tube, a lso in the sonde, converts this light into elec-
trical e n ergy. A Pilot B plastic scintillator, anticoinci-
dence cir cuitr y , and an elec t roni c gat e pr event counting 
charged particle incidence. The m.agnitude of the electrical 
energy is proportional to the light intensity. A pulse-he i ght 
analyz e r a t the surface p rovides the information n ece ssary 
for identification of the radiation source {pota ssium, uranium, 
or thor ium}. 
b. Apparatus D escription 
l} D esc rip tion of Following for Component: 
a } Equipment Name: Radiation Sensor Probe (crystal 
detector, photomultiplie r tube, pre amplifie r, and 
a high-voltage converter) 
b) Size Stored: Diamete r, 4.42 cm; l ength, 20.4 cm 
c } Pressurized or Unpressurized {store d}: 
Unpressurized 
d} Weight: 0.9 kg 
e ) Size Operating: Same as b} above 
f } Pressuri zed or Unpressurized {operating}: 
Unpres surized 
g } Frequency Spectrum: Not Applicable 
h} Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
2} D e s cr iption of Follow ing for Component: 
a) Equipment Name: Radiation Measurement Set 
{power suppl y, amplifier, anticoinc idence circuitr y, 
gate, count-rate meter, and meter display} 
b) Size Stored: 250 cm 3 
c } Pre s surized or Unpr es surize d (stored ): 
Unpre s surized 
d) W e i ght : 2.7 kg 
e } Size Ope r ating: Same as b) ab ove 
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f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
3) Description of Following for Component: 
a) Equipment Name: 128-Channel Analyzer 
b) Size Stored: 546 cm 3 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 2.8 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum: 0.1 to 2.8 MeV 
h) Resolution: < I MeV 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Other radiation measurements 
d. Ancillary Equipment: Hoisting mechanism, electrical cable, 
surface recording and/ or readout equipment, and calibration 
device. (See 4. d . 3) . ) 
e. Required Development 
I) Principal Apparatus Requiring Development: Logging 
sonde (same as for nautral gamma log); recording 
equipment 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: The type of gamma ray spectrometer 
which was carried on several of the Ranger spacecrafts 
could probably be adapted for lunar subsurface logging. 
This instrument uses a cesium iodide crystal surrounded 
by a Pilot B scintillator and a 32-channel analyzer for 
pulse-height analysis. The physical size of the Ranger 
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unit, 4-1/8" overall diameter, is too large for sub-
surface use. However, a suitable instrument can 
probably be fabricated utili zing a different mounting 
configuration. [1] 
7. INTERFACES 
a. Proposed Experiment Location: Experiment will be con-
ducted with sonde in the core hole. No radioactive sources 
will be included in the sonde or surface equipment, so there 
is no requirement for remote location of this equipment. 
b. Instrument Orientation and Stabilization: Instrument will be 
stabilized within core hole by c entering springs. 
c. Access Requirements : Logging sonde will be exposed to the 
natural gamma ray radiation of the fornlations surrounding 
the core hole at a number of selected locations. 
d. Environmental Requirements: There are no shielding re-
quirements for this experiment except that the sonde not 
be shielded from formation natural gamma radiation. 
Radiation measurement set may be pressurized and located 
within the LSSM; but hoisting equipment, cable, and radiation 
sensor probe must be unpres surized. 
e. Power Requirements: Power requirement is expected to 
be a continuous 12 watts during equipment checkout, sample 
taking, and movement of the sonde between sample points. 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Binary (digital) pulse-height 
analysis; 32 channels, 10 bits / channel 
b. Data Characteristics 
1) Range of Measurement: Minimum, 0.1 MeV; 
maximum, 2.8 MeV; resolution, 32 channe ls 
2) Accuracy: 1 % 
3 ) Frequency Response: 320 bits / sample, sample rate 
unknown 
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4) Output Impedance(s ): Unknown 
c. Expected Data Activity: Time required for the accumulation 
of data at each step in depth is unknown. 
d. Selective Monitoring: If all data is constant, or if there are 
long sections which have essentially constant readings. then 
typical responses could be selected and the remaining data 
discarded. 
e. Data Preprocessing: A local readout would be required, and 
analysis by an astronaut trained in log interpretation would 
be necessary. 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
3.2.6.9 
" 
.., 
? 
"I' 
, 
I 
EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Core Hole Gamma Gamma Logging 
2. APPLICA TIONS/ TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geophysics 
Detailed Category: Core Hole Logging 
Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Texaco Experiments, Inc., Richmond, 
Virginia; EMR, Sarasota, Florida, [1], [2], [3] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: The purpose of the 
gamma gamma log is to measure the density of for-
mations surrounding the core hole. 
2) Significance and Import of Expected Results: Since 
the density of single type formations is es sentially 
constant, the observed density depends mainly on the 
porosity of the formations and on the nature of any 
liquid which might fill the core holes. Gamma gamma 
techniques are better than neutron methods in this 
determination since there is no influence from chemi-
cally bound water. [1] Therefore, variations in 
density within a formation type may be interpreted as 
an indication of formation porosity. Porous formation 
may contain water in either liquid or solid form. Since 
water will be a valuable resource in lunar exploration, 
it will be important to locate potential reservoirs. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The gamma gamma 
technique of density measurement consists of measuring 
scattered gamma radiation intensity as a formation is 
radiated with a source of gamma rays. The distance 
between the radioactive source and the detector is kept 
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fixed and care is taken that the gamma rays interact 
only in the formation, and that the detector is com-
pletely shielded from direct rays from the source. 
The energy of the source is chosen so that most of 
the interactions are Compton scatters. Then the 
intensity of scattered gamma rays is only a function 
of the electron density which is dependent upon the 
mass density of the formation. The extent of gamma 
radiation scattering is thus determined by the density 
of the irradiated medium. [1] 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The phenomenon to be 
measured is the intensity of the scattered gamma rays 
which return from the formation to the detector. 
2) Resolution Needed to Successfully_Observe the 
Phenomena Above: The density range that can be 
expected in lunar formations ranges from 0.88 gm/ cm 3 
for volcanic sands to about 8 gm/ cm 3 for nickel-iron 
meteorites. Actually the density of most common 
igneous formations and chondrites (such as granites, 
gabbros, and basalts) is the same as shales and falls 
between 2 . 5 and 3 gm/cm 3 • A requirement on the 
gamma gamma instrument, therefore, would also be 
high density resolution in this range. [1] 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: At each core hole. 
2) Preferential Lunar Phase : Lunar day (for visibility) 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: lOO-foot core hole near 
LEM/ Shelter; lO-foot core holes along traverses 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Instrument will be lowered into core hole on 
a cable . 
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d. Supporting ExperiInentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Simultaneous 
recording of depth of the instrument is required. 
2) Any Requirement for Prerequisite Earth/ Lunar/ Space 
Experimentation: Hole must be drilled in the lunar 
, surface. Gamma gamma methods are used in con-
junction with a standard calibration curve. This is 
because the intensity of scatter radiation depends not 
only on the density of the formations, but also on the 
strength of the source and the characteristics of the 
apparatus. Thus, to decrease the influence of extrane-
ous factors, the magnitude of the scattered gamma radi-
ation detected by a particular sonde has to be compared 
against the magnitude of the scattered gamma radiation 
obtained in formations of known density. [1] 
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3) Common Equipment: The cable, hoisting mechanism, 
and depth recording device will be common to all sub-
surface logging experiments. A scintillation gamma 
ray detection system will be common to four different 
types of nuclear surveys, each of which will consist of 
an areal and a subsurface survey. Thus, the same 
gamma ray detector will be used in 8 experiments. 
a) Natural gamma ray, surface and subsurface 
b) Spectral gamma ray, surface and subsurface 
c) Gamma gamma ray, surface and subsurface 
d) Neutron gamma ray, surface and subsurface 
The gamma ray detection system consists of two 
primary components, a radiation sensor probe and 
a radiation measurement set. The probe contains 
the following subcomponents: cesium iodide scintil-
lation crystal detector, Pilot B plastic scintillator, 
photomultiplier tube, preamplifier, and a high voltage 
converter. 
The radiation measurement set contains the following 
subcomponents: power supply, amplifier, anticoinci-
dence circuitry, electronic gate, count-rate meter, 
meter display (for visual scale readings). magnetic 
tape recorder, and a pulse-height analyzer - 128 
channels. 
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The gamma gamma experiment will not require the 
Pilot B plastic scintillator in the probe or the anti-
coincidence circuitry and electronic gate in the meas-
urement set . This is because the intensity of the 
reflected gamma rays will be much greater than the 
charged particle background and discrimination b e tween 
these two sources of radiation will not be a problem. 
The pulse-height analyzer will not be required, since 
only the scattered gamma intensity (but not its energy 
spectrum) is used in making the measurement. Also, 
a visual readout would not be neces sary (although it 
might be desirable). These unneces sary components 
will be bypas sed by making appropriate switch settings 
on the measurement set panel. 
4) Time Sequence Relationship: The natural and spectral 
surveys should be run prior to the gamma gamma, 
neutron gamma, or neutron neutron survey because 
these active surveys will introduce artificial radiation 
into the formations and mask the natural radiation. 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Vari-
ations in formation density within a single formation 
type, as might be indicated on a gamma gamma log, 
would indicate variations in the porosity of the for-
mation. This is valuable knowledge in itself, for 
determination of the form of the subsurface strata is 
an important step in gaining an understanding of lunar 
geology. 
In addition, it is anticipated that a neutron neutron 
log will also be run in the core hole. This log is a 
hydrogen indicator, and will be useful in the search 
for lunar water resources. If the neutron neutron log 
indicates hydrogen at the same point where the density 
log indic ates formation porosity, it is likely that water 
may be present in either liquid or solid form as opposed 
to water chemically bound within the formations. Water 
in liquid or solid form will be a valuable re source which 
can be extracted with relative ease. Therefore, gamma 
gamma log will be a valuable tool both for the investi-
gation of formation lithology and in the search for water 
resources. 
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2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Unknown 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Log 1 100-foot core hole per mission; log 0 to 3 10-foot 
core holes per mission. Continuous during experiment. 
2) Interval Between Operational Periods: Only a single 
operating period per mission for a 100-foot core hole. 
Intervals between 10-foot core holes vary from 2 to 10 
days for those missions where these core holes are to 
be drilled and logged. 
3) Total Duration of Experiment: Estimated to be 15 
minutes for 100-foot core hole and 12 minutes for 10-
foot core hole. 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: 5 minutes (estimated) 
b) Checkout and Calibration: 5 minutes 
c) Standby: None 
d) Experimentation: 5 minutes for 100-foot core hole 
2) Crew Procedures Required: Check calibration of equip-
ment at least twice during a measurement sequence; 
just after switching the instrument on and just before 
turning it off. 
3) Crew Skills Required: Training in operation and cali-
bration of detection and recording equipment. Ability 
to operate mechanism for lowering and raising sonde 
in core hole. 
4) Importance of Astronaut Participation: Setup of equip-
ment near or over core hole must be done by astronaut. 
Introduction of logging sonde into core hole must be done 
by astronaut. Astronaut is required for calibration 
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procedure. Astronaut may have to select proper scale 
for recording of data . Depending upon nature of data 
readout or storage, astronaut may be able to determine 
whether or not valid data is being taken. If the data is 
invalid, the astronaut may be able to make an adjust-
ment in equipment to obtain valid data. In such a case, 
it may be desirable to repeat a portion of the experiment. 
5) Crew Time Per Operational Sequence: 10 minutes for 
e quipment checkout, setup, and logging a 100-foot core 
hole. Estimated 8 minutes for 10-foot core hole. 
6) Number of Experiment Se quence s Per Mission: 1 100-
foot core hole per mission; 0 to 3 1 O-foot core holes 
per mis sion. 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: In this experiment, 
the formation is irradiated with a strong source of gamma 
rays. Scattered gamma radiation will be measured by the 
same scintillation counter which will be us e d for natural 
gamma and spectral gamma measurements. The use of a 
surrounding plastic scintillator for charged particle dis-
crimination, required for natural and spectral gamma 
surveys, will not be required for the gamma gamma survey 
since the induced gamma radiation will be much more in-
tense than the charged particle background. It is anticipated 
that the presence of a plastic scintillator can be compensated 
for by switching to a special ci rcuit in the radiation measure-
ment set. Pulse-height analys is will not be required since 
only the scattered gamma intensity (but not its energy spec-
trum) will be used in making the measurement . 
Gamma gamma methods are used in conjunction with a 
standard calibration curve. This is because the intensity 
of scattered radiation dep e nds not only on the density of the 
formations, but also on the strength of the source and the 
characteristics of the apparatus. Thus, to decrease the 
influence of extraneous factors, the magnitude of the scat-
tered gamma radiation detected by a particular probe has to 
be compared with the magnitude of the scattered gamma 
radiation obtained in formations of known density. [1] 
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b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Gamma Source and Gamma 
Ray Detector 
b) Size Stored: Diameter, 4.4 cm; length, 55.6 cm 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 2.7 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequenc y Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
2) Description of Following for Component: 
a) Equipment Name: Radiation Measurement Set 
b) Size Stored: 250 cm 3 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: 2.7 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
g) 
Unpressurized 
Frequency Spectrum: Densities of 0.8 to 8 
grams / cm 3 
h) Re solution: 10 bits 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Depth recording instrument (see 4. d. 1 )). 
d. Ancillary Equipment: Hoisting mechanism, electrical 
cable, surface recording and/ or readout equipment, and 
calibration device (see 4. d. 3)). 
e. Required Development 
1) Principal Apparatus Requiring Development: Logging 
sonde (same as for natural and spectral gamma ray logs 
except that the use of a surrounding plastic scintillator 
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for charged particle discrimination would not be 
required since the induced gamma radiation would be 
much more intense than the charged particle back-
ground). Recording equipment. 
2) Estimated Time Required for Delivery of Flight 
Hardware Startin g from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Gamma gamma logging equipment 
is presently in use in the petroleum industry. This 
equipment would require modification to meet the con-
straints of a lunar mis sion. 
7. INTERFACES 
a. Proposed Experiment Location: Experiment will be con-
ducted with the sonde in the core hole. This experiment 
contains an active gamma source in the logging sonde and, 
consequently, may have to be located remotely from some 
other pieces of equipment when not in use. 
b. Instrument Orientation and Stabilization: Instrument will 
be stabilized within the core hole. The gamma ray detector 
portion of the sonde must be pressed firmly against the side 
of the core hole by a spring loaded pad. This is to insure 
that all gammas detected by the sonde will be coming from 
the formation and not directly from the gamma source. 
c. Access Requirements: Logging sonde will be exposed to 
back-scattered gamma radiation from the formations sur-
rounding the core hole . 
d. Environmental Requirements: The gamma detector will be 
protected by appropriate shielding from direct gamma radi-
ation from the source. Radiation set may be pressurized 
and located within the LSSM; but hoisting equipment, cable, 
and radiation sensor probe must be unpressurized. 
e. Power Requirements: The powe r requirement is expected 
to be a continuous 5 watts during equipment checkout and 
conduction of the experiment. 
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8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Meter scale readings for 
calibration purposes; count-rate meter - digital output of 
6 bits per sample, lO samples per second. 
b. Data Characteristics 
l) Range of Measurement: The following scale ranges 
have been recommended: 
Scale Range 
( c t s / sec 0 nd ) 
o - lOO 
o - l, 000 
o - 1 0, 000 
o - lOO, 000 
Scale Range 
(mr/hr) 
o - 0.0025 
o - O. 025 
o - O. 25 
o - 2.5 
Smallest Scale Div. 
(mr /hr) 
O. 00005 
O. 0005 
O. 005 
O. 05 
Output is digitized - 6 bits per sample, lO samples 
per second. 
2) Accuracy: 1 % 
3) Frequency Response: 60 bits/sec 
4) Output Impedance(s ): Unknown 
c. Expected Data Activity: Uniform sampling rate during 
logging 
d. Selective Monitoring: Typical response for constant readings 
may be selected by astronaut. 
e. Data Preprocessing: Unknown 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Core Hole Neutron Gamma Logging 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b . 
c. 
General Area: Geophysics 
Detailed Category: Core Hole Logging 
Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Texaco Experiments, Inc., Richmond 
Virginia; EMR, Sarasota, Florida, [1], [2], [14], [16J 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To identify and measure 
the concentrations of elements present in the formations 
surrounding the core hole. 
2) Significance and Import of Expected Results: The 
neutron gamma measurements are particularly well 
suited for subsurface (as well as surface) identification 
of mineral bearing strata. This technique requires the 
least amount of astronaut time for the amount of lithologic 
information received. [1] The neutron gamma log will 
provide identification and concentrations of the elements 
present in the formations logged. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Neutron gamma 
measurements, in general, describe a method of 
prospecting which involves irradiating a formation 
with fast neutrons and detecting gamma rays at various 
energies given off at certain times after the source has 
been turned off. In this experiment, the formation is 
irradiated with a pulsed source of fast neutrons and the 
activation and capture gamma rays are detected, as 
well as prompt protons produced as a result of the in-
elastic scattering of the fast neutrons. [IJ The patterns 
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of the radiation detected in this process are character-
istic of the elements present in the formation and their 
concentrations. Thus, analyses of the resulting patterns 
provide quantitative measurements of the elements pres-
ent in the irradiated formations. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and M eas ured: The phenomenon which is 
measured is gamma radiation resulting from neutron 
bombardment. Gamma energy spectrums resulting 
from two different causes are measured in two distinct 
time p e riods by the use of a gated circuit. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: The scintillation detector required 
to measure prompt and delayed gamma rays successfully 
must be gated to distinguish between the two chronological 
types of gamma rays. The source requirement is that it 
be capable of pulsing every millisecond, allowing large 
counting rates to be obtained. This would set the pulse 
rate of 109 neutrons / second with 106 neutrons available 
per pulse. [1] 
The energy range of the detector has to be up to at 
least about 8 Me V, as there are significant reactions 
up to these energies. Also the gamma ray spec-
trometer must have good resolution to separate clearly 
lines that are produced by different e lements. Thus, 
a pulse-height analyzer with a fairly large number of 
channels (-- 100) is required. A l28-channel pulse-
height analyzer e ne rgy span will provide good reso-
lution from 0.1 to about 9 MeV. [1] 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Within core hole 
2) Prefer entia l Lunar Phase: Not Applicable 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: 100-foot core hole will 
probably be near LEM/Shelter, 10-foot core holes will 
probably be some distance away. 
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4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Wheeled or other vehicle 
d. Supporting Experimentation 
I) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: Depth re-
cording instrument 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Hole must be drilled in lunar surface 
3) Common Equipment: The cable, hoisting mechanism, 
and depth recording device will be common to all sub-
surface logging experiments. A scintillation gamma ray 
detection system will be common to four different types 
of nuclear surveys, each of which will consist of an areal 
and a subsurface survey. Thus, the same gamma ray 
detector will be used in 8 experiments. 
a) Natural gamma ray, surface and subsurface 
b) Spectral gamma ray - surface and subsurface 
c) Gamma gamma ray - surface and subsurface 
d) Neutron gamma ray - surface and subsurface 
The gamma ray detection system consists of two 
primary components, a radiation sensor probe and a 
radiation measurement set. The probe contains the 
following subcomponents: cesium iodide scintillation 
crystal detector, Pilot B plastic scintillator, photo-
multiplier tube, preamplifier, and a high voltage con-
verter. 
The radiation measurement set contains the following 
subcomponents: power supply, amplifier, anticoinci-
dence circuitry, electronic gate, count- rate meter, 
meter display (for visual scale readings), magnetic 
tape record, and a pulse -height analyzer - 128 channels. 
The neutron gamma experiment does not require the 
use of a Pilot B plastic scintillation in the probe or 
anticoincidence circuitry in the measurement set be-
cause the gamma radiation resulting from neutron bom-
bardment will be much more intense than the charged 
particle background. These unnecessary components 
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will be bypassed by making appropriate switch settings 
on the measurement set panel. The electronic gate will 
be used to separate the stimulated gamma radiation into 
prompt and delayed segments. 
4) Time Sequence Relationship: The natural and spectral 
surveys should be run prior to the subject experiment 
because the neutron gamma survey will introduce arti-
ficial radiation into the formation which will mask the 
natural radiation. The subject experiment cannot be 
performed in tandem with any other nuclear measure-
ment. [2] 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
neutron gamma survey will provide identification of 
the elements present in the subsurface formations and 
also a measurement of the quantities present. This infor-
mation will not be provided by any other survey. The 
only other source of such information will be the re-
covered formation core or core cuttings. Detailed 
laboratory analysis of samples of the core will provide 
an accurate check on the data provided by the neutron 
gamma log. The results of the neutron gamma survey 
will also be needed to interpret certain results of the 
neutron neutron survey. 
It is pos sible that portions of the formation core will 
not be recovered intact. In this case, the neutron 
gamma log , as well as all other logs, will provide an 
extremely valuable tool in "filling in the gaps" where 
portions of the core are missing and in putting the 
recovered pieces in their proper places along the 
vertical scale of the core hole. 
Results of the subject experiment might be used to 
h e lp astronaut decide from which portions of the core 
to take samples for return to earth. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Similar instruments are now 
under development by NASA. [16] 
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5. OPERATIONS 
a. Duty Cycle 
1 ) Expected Number and Duration of Operational Periods: 
Log 1 IOO-foot core hole per mission, 9 to 14 minutes; 
log 0 to 3 1 O-foot core holes per mission, 6 to 11 
minutes per core hole . 
2) Interval Between Operational Periods: Only a single 
operating period for 1 ~O-foot core holes. Interval 
between periods vary from 2 to 10 days on missions 
where 1 O-foot core holes are drilled and logged. 
3) Total Duration of Experiment: Logging speed is 30 feet 
per minute; therefore, logging time on 100-foot core 
hole s will be 3 to 4 minute s. Setup and checkout time 
will be 5 to 10 minutes. 
b. Crew Requirements and Procedures 
I) Estimation of Crew Time Required For: 
a) Setup: 5 to 10 minutes 
b) Checkout and Calibration: 5 to 10 minutes 
c) Standby: None 
d) Experimentation: 4 minutes for 100-foot core 
hole; I minute for 10-foot core hole 
2) Crew Procedure Required: Check calibration of equip-
ment at beginning and end of experiment. Operate 
mechanism to lower and raise sonde . Operate recording 
equipment. 
3) Crew Skills Required: Training in operation and cali-
bration of detection and recording equipment. Ability 
to ope rate mechanism for lowering and raising sonde. 
4) Importance of Astronaut Participation: Setup of equip-
ment near or over core hole must be done by astronaut. 
Introduction of logging sonde into core hole must be done 
by astronaut. Astronaut may have to select proper scale 
for recording data. D e p e nding upon the nature of data 
readout or storage, astronaut may be able to d e termine 
whether or not valid data is b e ing taken. If data is 
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invalid, the astronaut may be able to make an equip-
ment adjustment to obtain valid data. In such a case, 
it may be desirable to repeat a portion of the experi-
ment. 
5) Crew Time Per Operational Sequence: 9 to 14 minutes 
for 100-foot core hole; 6 to 11 minutes for 10-foot core 
hole. 
6) Number of Experiment Sequences Per Mission: 1 100-
foot core hole per mis sion; 0 to 3 10 - foot core holes 
per mission 
6. APPARA TUS D~SCRIPTION 
a. Proposed Methods of Measurement: A pulsed neutron source 
provides the high energy neutrons for bombardment of the 
formation. In order to identify and quantify the elements 
present in the formations, the gamma energy spectrums 
resulting from the neutron bombardment must be measured. 
A scintillation counter utilizing a cesium iodide crystal and 
a photomultiplie r tube, together with a 128-channel pulse-
height analyzer will provide this information. A plastic 
scintillator for charged particle rejection, as required on 
the natural and spectral gamma logging instruments, will 
not be required for this exper iment. 
Three different classifications of gamma rays are produced 
as a result of the neutron bombardment. The first class of 
gamma rays is produced as a result of ine lastic scattering 
of the high energy neutrons. The second class of gamma 
rays, known as capture gamma rays, are produced as a 
result of the capture of a thermalized (decelerated) neutron 
by a nucleus of some e l ement in the formation being bom-
barded. The capture of a neutron by a nucleus causes the 
nucleus to become unstable and to immediately emit gamma 
rays in a restabili zation process. If this captured gamma 
ray emission causes the nucleus to become stable, no further 
gamma rays are emitte d . Some nuclei , however, do not 
revert to a stable condition as a r e sult of this capture 
gamma ray emission. These nuclei , after emitting capture 
gamma rays, continue to emit gamma rays known as acti-
vation gamma rays. 
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The three different classes of gamma rays can be dis-
tinguished by the time lag between the initiation of a pulse 
of neutrons and the detection of the gamma rays by the 
scintillation counter. The prompt gamma rays, which 
arrive at the detector during the first 5 to 10 microseconds 
following the initiation of a pulse of neutrons, are -produced 
by inelastic scattering of neutrons. Capture gamma rays 
are detected in the interval from 10 to 800 microseconds 
after the initiation of a neutron pulse. Activation gamma 
rays are detected after about 800 microseconds following 
a neutron pulse initiation. If the pulse initiation period is 
one millisecond, as planned f o r the subj e ct experiment, 
activation gamma rays caused by one pulse may be recorde d 
during a succeeding gated counting period. Such activity 
may, or may not, be discernible in the recorded data. 
The gamma rays due to inelastic scattering will be sepa-
rated from the other two classes of gamma rays by an 
electronic timing gate. This gate will be open only during 
and for a short time following each neutron pUlse. The 
gamma rays detected during this brief period will be ampli-
fied and fed into the pulse -height analyzer. All other gamma 
radiation, capture and activation radiation, will be amplified 
and recorded, but not fed into the pulse-height analyzer. 
Utilization of a gate to separate the prompt gamma rays from 
the delayed gamma rays permit the logging of all three classes 
of gamma rays with the same tool at the same time. Discrimi-
nation between capture and activation gamma rays will have to 
be made by careful analysis of the data on earth. [1], [14] 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Pulsed Neutron Source and 
Source Detector Shield 
b) Size Stored: 4 . 4 cm diameter, 55 cm long 
c) Pres surized or Unpres surized (stored): 
Unpres surized 
d) Weight: 5.5 kg 
e) Size Operating: Same as b) above 
£) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequenc y Spectrum: 10 3 pulses per se c ond 
h) Resolution: See 4. b. 1) 
i) Pointing Accuracy : Not App licable 
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2) Description of Following for Component: 
a) Equipment Name: Gamma Ray Detector Probe 
b) Size Stored: 4.4 cm diameter, 20.4 cm long 
c) Pressurized or Unpressurized (stored): 
Unpressuriz e d 
d) Weight : 0 .9 kg 
e) Size Operating: Same as b) above 
£) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
3) Description of Following for Component: 
a) Equipment Name: Radiation Measurement Set 
b) Size Stored: 250 cm 3 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 2.7 kg 
e) Size Operating : Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
4) Description of Following for Component: 
a) Equipment Name: 128-Channel Pulse-Height 
Analyzer 
b) Size Stored : 546 cm 3 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 2. 8 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
g) Frequency Spect rum: O. I to 8 MeV 
h) Resolution: 10 bits/channel 
i) Pointing Accuracy: Not Applicable 
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c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Data display device 
d. Ancillary Equipment: Hoisting Mechanism, Electrical 
Cable, and Calibration Device (all other information unknown) 
e. Required Development 
I) Principal Apparatus Requiring Development: Logging 
Sonde , Recording Equipment 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the Art: Neutron gamma logging equipment 
is presently in use in the petroleum industry; however, 
this equipment will not provide the element identification 
and concentrations which are desired for lunar exploration 
missions. The size of the petroleum equipment must be 
reduced and more sophisticated electronic components 
and circuitry incorporated . . The neutron source experi-
ments can be performed on core samples on e arth, thus 
eliminating the difficulty of lowering a shielded source 
into core holes. 
7. INTERFACES 
a. Proposed Experiment Location: Logging sonde will be run 
in core hole. Experiment involves a neutron source, so 
some separation from other equipment during storage and 
transit may be required. 
b. 
c. 
Instrument Orientation and Stabilization: Instrument w ill be 
positioned by sides of core hole . 
Access Requirements : Logging sonde will be exposed to 
gamma rays which are given off as a result of irradiating 
a formation with fast neutrons . 
d. Environmental Requirements: Internal shielding is required 
during experiment. Shielding requirements during storage 
and transport are unknown. 
e . Power Requirements: Power profile is unknown, but it is 
is expected to be a continuous 40 watts during the experiment. 
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8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Binary encoded pulse-height 
analysis 
b. Data Characteristics 
l) Range of Measurement: 128 channels of pulse -height 
analysis to cover the range of O. 1 Me V to 9 Me V, 10 
bits per channel, sampled once per second. 
2) Accuracy: 1 % 
3) Frequency Response: 1. 28 kilobits/sec 
4) Output Impedance(s ): Unknown 
5) Estimated Total Bulk of Data: 5 to 10 minutes for the 
100-foot core hole log 
c. Expected Data Activity: Uniform sampling rate for several 
seconds at each step in depth. 
d . Selective Monitoring: Unknown 
e. Data Preprocessing : Pattern re c ognition t ec hniques may be 
applicable to data analysis. A local readout m.ay be provided 
for astronaut analysis and interpretation. 
9. SUPPLEMENTARY INFORMA TION 
a. Discussion of F ac ilities and Procedures Needed for This 
Experiment: Unknow n 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Core Hole Neutron Neutron Logging 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geophysics 
Detailed Category: Core Hole Logging 
Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Texaco Equipment, Inc., Richmond, 
Virginia; EMR, Sarasota, Florida, [1], [2] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: The objective of this 
experiment is to determine the hydrogen or water con-
tent of subsurface formations. 
2) Significance and Import of Expected Results: Water 
3) 
will be one of the most valuable resources which might 
be present on the moon. If ice or permafrost is present 
in near surface strata, the neutron neutron log would be 
a very convenient tool for locating these deposits. 
Description of the Key Techniques and Scientific/ 
Technical Approaches Required: In this experiment, a 
source of fast neutrons is used to irradiate the for-
mations and thermal or epithermal neutrons are detected 
as an indication of the characteristics of the formation . 
This method can best be employed to determine the 
hydrogen or water content of formations since the 
neutron flux at a given distance from the neutron source 
is proportional to the slowing down cross section of the 
formations. 
If a near-surface permafrost layer is present, there 
would be a gradual dec rease in the thermal and epi-
thermal neutron count rate as the fast neutrons encounter 
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more and more hydrogen nuclei with rise of permafrost. 
It would, however, give a similar response to other 
neutron absorbers such as boron, sulfur, and chlorine 
which could be expected in the lunar environment and a 
neutron gamma log is usually necessary to complement 
the findings . It has two attractive features in that the 
response of the device is (1) independent of variation 
in formation density, and (2) not sensitive to natural or 
induced radioactivity. [1] 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The phenomenon to be measured 
is the number of slowed neutrons which are emitted by 
the formation after being irradiated by a source of fast 
neutrons . 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Range of measurement, 0.01 to 
10 eV quantized 6 bits, 2 % accuracy 
c. Deployment 
1 ) Preferential Location or Type of Location on the 
Lunar Surface: Not Applicable 
2) Preferential Lunar Phase: Not Applicable 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be P erformed: 100-foot core hole will 
probably be near LEM/ Shelter, 10-foot core hole will 
probably be some distance away. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Wheeled or other vehicle 
d. Supporting Experimentation 
1 ) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activitie s: Simultaneous 
recording of depth of the instrument is required. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Hole must be drilled in lunar surface. 
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3) Common Equipment: The cable, hoisting mechanism, 
and depth recording device will be common to all sub-
surface logging experiments. The neutron neutron 
survey will utilize a neutron detector rather than the 
gamma ray detector used in the other four nuclear 
experiments. However, certain components of the 
readout equipment will be common with the other four 
logs. These are (1) amplifier, (2) count-rate meter, 
(3) meter display, (4) magnetic tape recorder, and 
(5) power supply. 
4) Time Sequence Relationship: Natural radioactivity 
measurements (natural and spectral gamma ray surveys) 
should be conducted prior to subject experiment to pre-
vent masking of natural radioactivity by induced radio-
activity. The neutron neutron should not be performed 
in a core hole containing other equipment. [I] 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
purpose of the neutron neutron log is to locate possible 
hydrogen concentrations in subsurface strata; such con-
centrations, if present, will likely be ice or permafrost. 
Other elements will also cause responses on the neutron 
neutron log similar to those caused by hydrogen. To 
differentiate these responses, a neutron gamma log, 
which provides element identification and concentrations, 
is needed. Use of the neutron neutron log alone could 
lead to a misinterpretation of the results. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Unknown 
5. OPERA TrONS 
a. Duty Cycle 
I) Expected Number and Duration of Operational Periods: 
Log 1 100- foot core hole per mis sion, IS minute s. Log 
o to 3 IO-foot core holes per mission, II minutes. 
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2) Interval Between Operational Periods: Continuous 
during experiment. Only a single operating period 
per mission for 1 OO-foot core holes. Intervals between 
10-foot core holes vary from 1 to 10 days on missions 
where these core holes are to be drilled and logged. 
3) Total Duration of Experiment: Setup and checkout time 
is expected to be not more than 10 minute s. Logging 
speed is 20 ft/min. [1] Total time required will be 
about 11 minutes for 10-foot core hole and about 15 
minutes for 100-foot core hole. 
b. Crew Requir ements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: 10 minutes or less 
b) Checkout and Calibration: 10 minutes or les s 
c) Standby: None 
d) Experimentation: 5 minutes for 100-foot core 
hole; 1 minute for 10-foot core hole, 
2) Crew Procedures Required: Check calibration of 
equipment at least twice during a measurement 
sequenc e; just after switching the instrument on and 
just before turning it off. Operate mechanism to 
lower and raise sonde. Operate recording equipment. 
3) Crew Skills Reguired: Training in operation and cali-
bration of detection and recording equipme nt. Ability 
to operate mechanism for lowering and raising sonde 
in core hole. 
4) Importance of Astronaut Participation: Setup of equip-
ment ne ar or over core hole must be done by astronaut. 
Introduction of logging sonde into core hole must be done 
by astronaut. Astronaut may have to select proper scale 
for recording of data. Depending upon nature of data 
readout or storage, astronaut may be able to determine 
whether or not valid data is being taken. If the data is 
invalid, the astronaut maybe ab le to make an adjust-
ment in equipment to obtain valid data. In such a case, 
it maybe desirable to repeat a portion of the exper iment. 
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5) Crew Time Per Operational Sequence: 15 minutes for 
100-foot core hole; 11 minutes for 10-foot core hole. 
6) Number of E xperiment Sequences Per Mis sion: 1 100-
foot core hole per mis sion; 0 to 3 10-foot core holes 
per mis sion. 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Thermal neutrons are 
emitted from the formations after they are irradiated with a 
source of fast neutrons. Thermal neutrons react with a boron 
or lithium foil on the sonde neutron detector resulting in the 
production of alpha particles, which are counted by an alpha 
particle detector. The detector feeds a preamplifier which 
is included in the logging tool. The preamplifier drives the 
signal cable and is followed by an amplifier with a suitable 
discriminator. Since only thermal neutrons are detected, 
pulse-height analysis is not required and only integral counting 
is performed. The amplifier feeds a count-rate meter whose 
output is recorded along with the motion of the tool in the core 
hole. [1] 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Neutron Neutron Probe (solid 
state neutron detector, preamplifier, neutron source, 
and source detection shielding) 
b) Size Stored: Diameter, 4.42 cm; length, 55.6 cm 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: 9.1 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequenc y Spectrum: Not Applicable 
h) Resolution: Unknown 
i) Pointing Accuracy: Not Applicable 
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2) Description of Following for Component: 
a) Equipment Name: Radiation Measurement Set 
(power supply, amplifier , anticoincidence cir-
cuitr y, gate, count-rate meter, and meter display) 
b) Size Stored: 250 cm 3 
c) Pressurized or Unpressurized (stored): 
Unp r essurized 
d) Weight: 2 . 7 kg 
e ) Size Operating: Same as b) above 
f) Pressurized or Unpr essurized (operating): 
Unpr essur i zed 
g) Frequency Spe ctrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applic a ble 
c. Simultaneous Obs ervations b y Sensors Othe r Than Those 
Spe cified Above Which Would Enhance the Experiment: 
None 
d. Ancillary Equipment: See 4. d. 3 ), a calibration d evice . 
e. Required Development 
l) Princ i pal Apparatus Requiring D evelopment : Neutron 
Neutron Probe, Radiation Measurement Set 
2) Es timated Time Required for D e livery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3 ) Current Status of Experiment, Especia lly Pr esent 
State-of-the-Art: Either a BF3 counter or a semi-
conductor detector with a neutron converte r foil appears 
well suited for these measurements . A silicon surface-
b ar rier detector such as the Type SBS made by Solid 
State Radiations could be used with a boron-l 0 c onverter 
foi l. BF3 counters are used almos t exclusively in ter-
restrial prospecting. 
BF3 counters have been widely used for neutron det ec tion 
fo r many years. A variety of types are available, in-
cluding rugge dized versions which have been built for 
satellite flights. For example, t he Reuter-Stokes Type 
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RSN-94S tube has been used to :measure neutron fluxes 
during Discoverer Satellite flights. BF3 counters have 
been used in virtually all neutron neutron loggings on 
earth. [1] 
The neutron source experi:ments can be perfor:med on 
core sa:mples on earth, thus eli:minating the difficulty 
of lowering a shielded source into core holes. 
7. INTERFACES 
a. Proposed Experi:ment Location: Experi:ment will be con-
ducted with the sonde in the core hole. This experi:ment 
contains an active neutron source in the logging sonde and, 
consequently, :may have to be located re:motely fro:m so:me 
other pieces of equip:ment. 
b. Instru:ment Orientation and Stabilization: Instru:ment will be 
stabilized by being centralized within the core hole. 
c. Access Require:ments: Logging sonde will be exposed to 
ther:mal or epither:mal neutrons which are given off by the 
for:mations surrounding the core hole after they have been 
irradiated by fast neutrons. 
d. Environ:mental Require:ments: The neutron detector will be 
protected by appropriate shielding fro:m direct radiation 
fro:m the neutron source. The radiation set :may be pres-
surized and located within the LSSM; but hoisting equip:ment, 
cable, and radiation sensor probe :must be unpressurized. 
e. Power Require:ments: The power require:ment is expected 
to be a continuous 40 watts during all phases of the experi-
:ment. 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. For:m of Data to be Collected: Digitized count rate 
b. Data Characteristics 
1) Range of Measure:ment: Count rate digitized, 6 bits/ 
sa:mple, 10 sa:mples per second 
2) Accuracy: 2% 
3) Frequency Response: 60 bits / second 
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4) Output Impedance(s ): Unknown 
5) Estimated Total Bulk of Data: 5 minutes of data for 
lOO-foot core hole 
c. Expected Data Activity: Uniform sampling rate 
d. Selective Monitoring: If all data is constant, or if there are 
long sections which have essentially constant readings, then 
typical responses could be selected and the remaining data 
discarded. 
e. Data Preprocessing: A local readout would be required, and 
a nalysis by an astronaut trained in log interpretation would 
be necessary. 
9. SUPPLEMENTARY INFORMATION 
a . Discussion of Facilities a nd Procedures Needed for This 
Expe riment 
1) During the Preflight Period: Unknown 
2) During the Data Acquisition Period: Data will be 
recorded in digital form on magnetic tape and could 
be telemetered later if transmis sion time and required 
facilities were available. 
3) During the Postflight Analysis Period: Unknown 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Core Hole Temperature Measurement 
2. APPLICATIONS/ TECHNICAL AREA 
a. 
b . 
c. 
General Area: Geophysics 
Detailed Category: Core Hole Logging 
Other Interested U. S. Agencies : U. S. G . S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment : Public domain 
b. All Other Contacts:. Unknown, [1], [2] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: Long-term measure-
ment (2-year period) of the temperature of lunar sub-
surface formation materials at several depths within 
a core hole in order that the lunar temperature gradient 
may be determined. 
2) Significance and Import of Expected Results: The 
theories concerning the formation, growth, and 
thermal balance of a planet may all be enhanced by 
the availability of subsurface heat flow data. [2] 
The flow of heat is computed from the product of two 
measured quantities: the temperature gradient, and 
the thermal conductivity of the material that exists in 
a direction parallel to the desired heat flow. [2] 
Therefore, one fact neces sary to determine lunar sub-
surface heat flow data is the subsurface temperature 
gradient. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required : Temperature meas-
urements will be made at several selected points 
(probably about 6) within the core hole. Measurements 
will be made using sensing elements and electronic cir-
cuits to convert the sensor output to a corresponding 
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temperatur e. The requirements of the lunar core 
hole type of measurement have reduced consideration 
of different types of devices to either a resistance 
sensor or a frequency sensor. [2] 
Resistance devices operate on the principle that the 
electrical resistance of the sensor increases in a 
known proportion with increasing tempe rature. [1] 
Quartz crystal s are utilized as temperature sensors 
in the frequency devices. Operation of these devices 
is based upon the pr inciple that the resonant frequency 
of the crystal is a function of its temperature and 
angle of cut. Thus, variations in temperature of the 
crystal result in variations in its resonant frequency. [1] 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Formation temperatures at 
various depths in a core hole 
2) Resolution Neede d to Successfully Obs erve the 
Phenomena Above: The required accuracy of measure-
ment is O. 01 0 C. [l] 
c. Deployment 
1) Preferenti a l Location or Type of Location on the 
Lunar Surface: Experiment wi ll be conducted within 
the core hole whi ch should be outside the path of shadows 
from nearby objects. 
2) Preferential Lunar Phase: None; experiment to include 
2 years of continuous operation 
3 ) Location( s) Relative to LEM/ Shelter Where Experi-
m.ent is t o be Performed: The subsurface temperature 
measurement will be an ESS experiment to be performed 
only at the ESS site. This is because the temperature 
gradient in the core hole is not expec t ed to return to an 
equilibrium condition for many days after drilling . [2] 
The combine d temperature and thermal conductivity probe 
w ill be permanently installed through the entire depth of 
the 1 OO- foot core hole, which wi ll be located near the 
LEM/ Shelter. 
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4) Method of Deployment of Instrumentation from LEM/ 
Shelter: The probe will probably be handcarried to 
the core hole and lowered by hand using the electrical 
cable which connects the probe components to the ESS 
station 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: The time at 
which readings are taken must be recorded so that 
variations in subsurface temperature, if any, may be 
correlated with other events. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: A hole must be drilled into the lunar 
surface. 
3) Common Equipment: A single probe and connecting 
cable will be used both for the temperature and thermal 
conductivity experiments. The probe components will 
consist of 6 temperature and 3 conductivity measuring 
packages suspended alternately every 5 meters along 
a main cable and a probe electronic package located 
at the bottom end of the cable. The conductivity device 
would also serve as a temperature sensor since this is 
part of the equipment necessary for measuring con-
ductivity. [2] The power supply and data readout will 
be that of the ESS. [1] The subject experiment will 
require an auxiliary source of power for about 10 hours 
to initiate the experiment. 
4) Time Sequence Relationship: The temperature and 
thermal conductivity experiments. which will be con-
ducted simultaneously, must be the last ones performed 
in the core hole, since the probe will be permanently 
installed. The core hole cannot be used for a shot hole 
in a seismic experiment for the detonation of explosive 
charges would so alter the core hole that it might not be 
suitable for the subject experiment and the thermal 
conductivity experime nt. 
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e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
subsurface temperature gradient, in addition to thermal 
conductivity within the core hole, is required for the 
computation of lunar heat flow at the location of the 
core hole. The thermal conductivity is obtained by 
another experiment (Core Hole Thermal Conductivity 
Measurement). Surface temperature measurements 
are of additional value. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Early Apollo experiments 
may provide significant data and instrumentation. 
Synoptic imagery experiments and surface temperature 
measurements study groups will be interested in results 
of this test. 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
The combination temperature and thermal conductivity 
probe will be pe rmanently installed in the 100-foot core 
hole and connected to the ESS data storage and telemetry 
system. This package will monitor the temperatures, 
record and store, and transmit them back to earth. [1] 
Operation of the probe is continuous . 
2) Interval Between Operational Periods: Constant oper-
ation. Period between monitoring operations is unknown. 
3) Total Duration of Experiment: Total life of ESS, which 
is estimated to be 2 years or until components fail. 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: 10 minutes 
b) Checkout and Calibration: 15 minutes 
c ) Standby: None 
d) Experimentation: None 
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2) Crew Procedures Required: See table below. 
No. Operation 
1 Lowe r probe into core hole 
2 Check out sensors and power supply 
3 Activate sensor deployment mechanisms 
4 Check out sensor operation in ESS 
5 Leave area; check out at a distance from 
core hole 
3) Crew Skills Required: Instruction in proper deploy-
ment of probe in core hole, in setup and connection of 
components, in equipment checkout, and possibly in 
calibration. 
4) Importance of Astronaut Participation: Astronauts 
will be required to place probe in core hole and to 
make necessary connections and equipment checks . 
5) Crew Time Per Operational Sequence: 35 minutes 
6) Number of Experiment Sequences Per Mission: One. 
This will be an ESS experiment, the duration of which 
w ill extend beyond the time the astronauts are on the 
lunar surface . 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: The method of measure-
ment will depend upon the type of sensing element selected 
for this experiment. T wo different types of sensors are 
being considered at this time: resistance devices which em-
ploy either a platinum resistance element or a thermistor, 
and quartz crystals. Each of these devices will be discussed. 
A platinum resistanc e thermometer is based on the principle 
that the resistanc e of a metallic conductor will increase with 
temperature. This change in resistance with temperature is 
measured by comparing it to a standard unit whose resistance 
remains constant. The comparison is made in a bridge circuit 
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with the t emperature - sensing resistance acting as one 
of the arms of the bridge. Platinum is chosen as the 
metallic e l ement because it has a reasonably high 
res i stivity (electrical ), a high melting point, a relatively 
large temperature coefficient of resistance, and a resist-
ance that varies very nearly linearly with temperature. 
Thermistors follow the same principles of operation 
governing resistance thermometry . A thermistor is a 
semiconducting material that exhibits a high t empe rature 
coefficient of resistance. A conventional resistance meas-
uring c ircuit is used and consists of a thermistor, a source 
of current flow (usually some type of bridge element) . The 
magnitude of the resistance change with temperature and the 
sensitivity of the sensor is much higher for thermistors than 
for platinum re sistance thermometers. This means that very 
precise measurements of small changes in temperature can 
be made. 
The use of a quartz crystal to measure temperature is 
based on the principle that the resonant frequency of a 
crystal is a function of its teln p erature and ang l e of cut. 
T he crysta l is connected by a coaxial cable to a housing in 
which are located a sensor oscillator and a sta ndard refer-
ence oscillator. Both stand ard and reference oscillators 
are matched ( referenced to each other at a particular 
temperature) so that the frequency output is proportional 
to the temperature measured. For a typica l instrument , a 
count of 100 cycles indicates a change of ICC. [1] 
Each temperature senso r will be a part of a small milli-
watt transmitter with capac itive or inductive coupling to 
the power (main supporting ) cable to carry the signal to the 
surface. Suitable electronics equipment must be provided 
at the ESS to decode this information from the sensors and 
relay it to the main ESS transmitter. [2] 
b. Experiment Apparatus 
1) De scription of Fo llowing for Component: 
a) Equipment Name: Temperature Probes (6 required ) 
b) Size Stor e d: Approximately 1-1/2 11 in dia. , 3 11 long 
c) Pres suri ze d or Unpre s surized (stor e d) : 
Unpressurized 
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d) Weight: Approximately 0.25 Ib each 
e) Size Operating: Same as b) above; sensors will be 
extended to contact the sides of the core hole. 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: dc or oscillator frequencies 
h) Resolution : Platinum resistance thermometer, 
0.0001 - O. 03°C; thermistor thermometer, 0.0020 -
O. 10°C; quartz crystal, 0.0010 - 0.01 °C 
i) Pointing Accurac y: Not Applicable 
2) Description of Following for Component: 
a) Equipment Name: Probe Electronic Package 
b) Size Stored: Approximately 2" dia . , and 5' long 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 10 lb 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: ±0.02°C 
i) Pointing Accuracy: Not Applicable 
3) Description of Following for Component: 
a) Equipment Name: Connecting Cables 
b) Size Stored: Unknown 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 10 lbs 
e) Size Operating: Approximately 100' in length 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
g) Frequency Spectrum: Not Applicable 
h) Re solution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
Simultaneous Observations by Sensors Other Than Thos e 
Specified Above Which Would Enhance the Experiment: A 
simultaneous recording of time is necessary for each 
temperature reading (performed by the E SS). 
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d. Ancillary Equipment: No ancillary equipment will be 
required. The ESS power supply and data readout equip-
ment will be utilized. Probe is light enough to be lowered 
into the core hole by hand. 
e. Required Development: Equipment is commercially 
available . 
7 . INTERFACES 
a. Proposed Experiment Location: Experiment will be con-
ducted in the 1 OO- foo t core hole. Sinc e ESS power and data 
handling equipment will be utilized, remainder of ESS compo-
nents should be located nearby. 
b . Instrument Orientation and Stabilization: Probe will be 
permanently installed in the lOO-foot core hole. Sensors 
will probably have been prespaced along the central con-
necting cable. 
c . Access Requirements: After the sensors have been installed 
in the core hole, the sensing elements will be extended until 
they contact the sides of the core hole. 
d. Environmental R equirements: No special shielding will be 
required . Pressurization will not be required. Temperature 
limits of sensors are as follows: platinum resistance ther-
mometer, -129 to 871 °C; thermistor thermometer, -10 1 to 
288 ° C; quartz crystal, limited only by the ability to prepare 
the proper crystal. Actual limits are unknown. 
e . Power Requirements 
1) Average Power and Time Duration: Not Applicable 
2) Peak Power and Time Duration: 1. 5 watts for O. 05 
hour for 6 sensors, each time temperature is registered . 
(0. 15 watt/ hr per earth day) 
3) Standby Power and Time Duration: 0 watt 
3.2.10.8 
'I... 
.. 
... 
J 
jl' 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. 
b. 
ForITl of Data to be Collected: Analog 0- 5 volts either dc 
or as carrier p-p volts 
Data Characteristics 
l) Range of MeasureITlent: 
MiniITlUITl Signal 
MaxiITluITl Signal 
Resolution 
Physical Units 
-40°C 
+45°C 
O.OloC 
2) Accuracy: O. 01 % of full scale 
Electrical Units 
o volt 
5 volts 
O. 0005 volt 
3) Frequency Response: InforITlation bandwidth, 0- O. 01 Hz 
4) Output IITlpedance(s): Bridge iITlpedance, 1200ohITls; 
null detector or frequency ITleter output, 1000 ohITls 
c. Expected Data Activity: Subsurface forITlation teITlperature 
is expected to return slowly (several to ITlany days) froITl an 
elevated teITlperature caused by drilling to an equilibriuITl 
teITlperature. Thus, subsurface equilibriuITl teITlperature 
is expected to reITlain constant at all depths below 1 to 3 
ITleters and at shallower depths to vary with the cycle of 
lunar day and night. 
d. Selective Monitoring: Astronauts will not ITlonitor this 
experiITlent, except to insure that it is operating properly . 
e . Data Preprocessing: The voluITle of data generated by 
this experiITlent will be very sITlall. If desired, the ESS 
data handling equipITlent could be prograITlITled not to 
teleITleter teITlperature readings to earth if they had not 
changed froITl a previous reading by ITlore than a certain 
aITlount. 
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9. SUPPLEMENTARY INFORMA TION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
l) Preflight Period: None 
2) Data Acquisition Period: Sequential recording of 
temperature sensors once every earth day will establish 
temperature gradient information. Thermal conductivity 
information and lunar surface temperatures require 
sensing about once per hour. 
3) Postflight Analysis Period: Validity of temperature 
measurements is to be established by the stability of 
sequentially recorded data. 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Passive Seismic Activity 
2. APPLICA TIONS/ TECHNICAL AREA 
a. General Area: Geophysics 
b. Detailed Category: Lunar Seismic Activity 
c. Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [6], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To detect lunar 
seismic activity and measure the number and magni-
tude of the moonquakes, microseisms and meteoric 
impacts in the vicinity of the seismometer. 
2) Significance and Import of Expected Results: Breaks 
in a seismogram, or change in slope of travel time 
plots that may be derived from a single three-axis 
instrument, may indicate the existence of a lunar 
crust and suggest its depth below the surface, or it 
may indicate any density or mineralogical stratifi-
cation of the lunar body. Presence or absence of 
shear waves may point to the absence or presence, 
respectively, of a molten strata or molten core. In 
addition, a knowledge of the geographic distribution 
and depth of focus of moonquake s, togethe r with pos-
sible correlation with lunar topography, provides 
valuable assistance in interpreting the thermal and 
tectonic history of the moon. The measurement of 
wave velocity of shear waves and pressure waves 
could correlate with high pressure data to suggest 
the geologic composition of the moon down to a depth 
of 200 kilometers from the surface. 
3 . 3 . 1.1 
The interdependence of wave velocities, composition, 
pressure (or depth), and temperature can be estimated 
from comparable data obtained on earth. Then, wave 
velocity or travel time data obtained from the moon 
can be used in conjunction with the above data to infer 
the other variables. Although a single seismometer 
is not sufficient to determine travel times of seismic 
waves directly, it should be pas sible to identify the 
main phases upon a lunar seismogram and then calcu-
late roughly distances to the seismic sources, using a 
three-axis instrument. With a knowledge of densities 
of lunar materials (from other measurements), approxi-
mate travel time (or velocity) curves can be constructed. 
It would then be possible to estimate the composition and 
depth of material on the moon. Measurements of back-
ground seismic noise could be used to study micro-
meteorite impact and thermal noise. The travel time 
of seismic surface waves can be used to infer the 
internal structure of the moon. 
3) Description of the Key Techniques and Scientific/ 
Technic al Approaches Required: One of the three 
long-period seismome ters will measure vertical dis-
placement; the two others will m e asure mutually 
perpendicular components of ground motion. The 
short period vertic al seismometer provides backup 
for the more complic ated long p e riod system in addition 
to giving high sensitivity short period data. The seis-
mometers a re equipped with displacement transducers 
of the capacitance t ype . 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The instruments will record 
long-period surface w aves, short-period body waves, 
and possible lunar-free oscillations. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: 
• A single short period (1/2 to 1 second natural 
period) vertical seismometer with a minimum 
detectable ground motion of 1 millimicron or less. 
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• A three-axis long period (10 to 15 seconds natural 
period) seismometer with a minimum detectable 
signal of 10 millimic r ons or Ie s s . 
Deployment 
1) Preferential Location or Type of Location on Lunar 
Surface: None 
2) Preferential Lunar Phase: None 
3) Location{s) Rela tive to LEM/ Shelter Where Experi-
ment is to be Performed: At ESS 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Handcarried. 
d. Supporting Experimentation: None 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Seismographic data may be obtained from the Apollo 
LSEP's. 
The traversing capabilities of the m a nne d lunar surface 
mission can be used to establish an array of 3 or 4 
seismometer packages. Such an array, in the form of 
a triangle (perhaps with a midpoint sensor) about 10 km 
on a side could be used to obtain the surface velocities 
of body waves and the phase velocities of surface wave s . 
Five or six of the arrays operating concurrently and 
distributed at sites carefully chosen in relation to 
geological provinces and active seismic zones would 
provide quite satisfactory synoptic coverage of the 
whole moon. 
2) Relationship of Propos e d Experiment to Know n NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Seismometers may be de-
veloped for the Apollo LSEP' s. 
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5. OPERATIONS 
a. Duty Cycle 
1 ) Expected Number and Duration of Ope rational Periods: 
Single continuous operational period. 
2) Interval Between Operational Periods: Not Applicable 
3) Total Duration of Experiment: 30 to 60 earth days 
minimum. 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: None 
d) Experimentation: None 
2) Crew Proc edures Required: The instruments must be 
handcarrie d to the site of emplacement; firm implan-
tation to assure good coupling to the lunar interior, 
uncaging and turning on, covering with thermal 
shielding . 
3) Crew Skills Required: The astronauts must be trained 
in the procedures above. 
4) Importance of Astronaut Participation: The instrument 
will have some self-leveling capability; however, it 
should be e mplaced so that it is not outside the self-
leveling range. 
5) Crew Time Per Ope rational Sequence: Not Applicable 
6) Number of Experiment Sequences Per Mission: One 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Three-component 
quake seismometer (long per iod) a nd single-axis vertical 
seismometer (short period). 
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b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Quake Seismometers 
b) Size Stored: Estimated 15, 000 cm 3 
c) Pressurized or Unpressurized (stored): 
Pressurized (caged) 
d) Weight: 10 kg (estimated) 
e) Size Operating : Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: 0 Hz to 2 Hz for long-period 
system; 5 Hz to 20Hz for short-period instrument. 
h) Resolution: See 4. b. 2). 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
(See 4. e. 1).) The Lunar Libration Experiment (Star- Tracker). 
d. Ancillary Equipment: Not defined 
e. Required Development 
1) Principal Apparatus Requiring Development: Quake 
Seismometers 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Similar instruments have been 
developed for use in the Surveyor program . 
7. INTERFACES 
a. Proposed Experiment Location: At ESS and distant from 
any vibration-producing equipment. 
b. Instrument Orientation and Stabilization: The instrume nt 
must be solidly mounted on a very rigid structure. Some 
self-leveling capability is required. 
3. 3. I. 5 
c. Access Requirements: Firm mechanical contact with the 
lunar surface must be maintained, either directly or 
through a very rigid supporting pier. 
d. Environmental Requirements: Must operate in vacuum 
environment; must withstand launch a nd landing acceler-
ations; must be caged until emplacement; and must be 
shielded from meteorite impacts and thermal radiation. 
eo Power Requirements 
I} Average Power and Time Duration: 7 watts (estimated), 
c ontinuous for minimum of 30 to 60 days. 
2} Peak Power and Time Duration: Same as I} above. 
3} Standby Powe r and Time Duration: Not Applicable 
8 0 SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Four analog voltages, one 
for each axis of the three-axis long-period seismometer, 
and one for the short-period vertical seismometer. 
b. Data Characteristics 
1 } Range of Measurement: Minimum signal, maximum 
signal - 80 db of analog dynamic range with amplitude 
distortion les s than 10%. Resolution (minimum 
detectable ground motion): short-period band, 1 
millimicron or less; midperiod band, 10 millimicron 
or les s; long-period band, about 50 microgals or less 
(acceleration). 
2) Accuracy: (Central Multiplexer A-D Converter) 
Sample rate - 3 axis: 3 channels 5 samples / sec, each 
sample 10 bits; 3 channels, 1 sample/ sec, each sample 
14 bits. 1 axis: 1 channel, 40 to 10 samples/sec, each 
sample 14 bits, Engineering channe ls: less than 18 
bits/sec. Total system: 800 to 350 bits/sec. 
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3) Frequency Response: 0 Hz to 2 Hz, divided into t w o 
bands for the 3 axis system; 20 Hz to 5 Hz low pass 
for the single axis system. (Each band to be fitted 
with a magnification control available on command, 
and a threshold indicator. ) 
4) Output Impedance(s): Unknown 
c . Expected Data Activity: Unknown 
d. Selective Monitoring: Unknown 
e. Data Preprocessing: Unknown 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Charged Dust Study 
2. APPLICA TIONS/ TECHNICAL AREA 
a . General Area: Geophysics 
b. Detailed Category: Natural Phenomena 
c. Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [6], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: This experiment will 
be used to detect and analyze (particle mass, charge, 
speed and flux) any finely divided electrically charged 
particles (lunar dust) which may be present in sus-
pension above the lunar surface. The possible mecha-
nism is photoelectric emission by unconsolidated 
particles, and by the lunar surface simultaneouly, 
resulting in suspension of the unbound particles by 
electrostatic repulsion, both the particles and the 
lunar surface becoming charged positively. Also 
involved would be the formation of an "electronosphere" 
resulting from the space charge-limited electron 
emission. 
Electric fields between the positive and negative 
charges or clouds of charges would result in 
acceleration of the charged dust such that the sus-
pended positively charged particles would move 
around in the space above the lunar surface. The 
charged dust spectrometer is designed to detect and 
measure any such moving charged particles. 
3.3.2. 1 
2) Significance and Import of Expected Results: It would 
be important to determine the existence and extent of 
any (even temporary) charged dust ionosphere present 
near the lunar surface because of: (l) possible effects 
of dust impacting or depositing on optical instruments 
or radiometers or other instruments sensitive to 
coatings, (2) background produced by "atmospheric" 
dust for other lunar atmosphere measurements such 
as gas particle and micrometeoroid particle investi-
gations. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The instrumentation 
required to perform spectrometry of moving charged 
dust in the space immediately above the lunar surface 
is shown by the figure below. The charged dust spec-
trometer is es sentially a Neugebauer electrostatic 
velocity selector (Figure 1, A), modified to include a 
neces sary separate particle speed measurement via 
the pulse chamber (Figure 1, B) and a particle charge 
and flux measurement via the end impact plate 
(Figure 1, D). The modifications are required since 
the q/ m (e lectric charge/ rnas s) values for charged 
dust would vary over large limits. 
The charged dust detector must measure the following 
parameters: 
a) mv 2 /q (m, v, and q a re particle mass, speed, and 
electric charge, respectively) by Neugebauer's 
velocity selector rela tionship (Figure l, A), 
V 
mv
2
/q = in b/a 
where V is the voltage between the two cylindrically 
shaped capacitor plates of radii a and b, respectively. 
V is programmed in 10 voltage steps to provide for 
adequate range of mv 2 / q value s . 
b) v (particle speed) by the measurement of the 
duration of a puls e produced by the charged 
particle in traversing the pulse chamber (Figure 1, 
B). F of Figure 1 illustrate s the output of the 
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Figure 1. Modified Neugebauer- Type Charged Dust Detector. 
A, Neugebauer -type electrostatic velocity selector; 
B, pulse measuring chamber; F, output voltage versus 
time pulse; D, charge and flux sensor; PHA, pulse-
height analyzer. [6] 
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pulse chamber (B) and indicates the measurement 
of v by the time duration of the voltage pulse pro-
duced by the transit of the charged particle through-
out the pulse chamber. 
c) q (particle electric charge) by pulse-height 
analysis of the separate charged particles im-
pacting upon the end plate (D). 
d) Particle flux (number arriving per cm2 -sec) at 
the end plate detector (D). 
The charge q and particle flux are both measured at 
the end plate (D) but with different electronic detection: 
pulse-height analysis for q and direct pulse counting 
for the flux measurement. 
The instrumentation could be employe d also for 
measuring the n egative "electronospherell, which 1S 
expected to coexist with the positive charged dust 
ionosphere by reversing the voltage V on the velocity 
selector (A). 
Any static or quasi-static charged dust could be 
evaluated, if further analysis indicated that such 
measurement is desirable, by the use of electro-
static detectors of the electroscope type programmed 
for both positive and n egative charge detection (such 
static charge measuring instruments have not been 
included in this report). 
b. Measurements and Data 
I) Particular Phenomena a nd Characteristics to be 
Observed and Measured: Particle speed, particle 
electric charge, particle flux, particle mass, and 
the n egative llelectronospherell. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Mass, 10-6to 10-llgrams; 
speed, 2-8 km/sec; flux, 10- 6 to 10 -ll per cm2 -
sec- steradian; voltage, I 0 3 • Readout of pulse-
height or duration memory as desired; readout of 
total pulse accumulation as desired (will record 
ll continuouslyll by sampling every 10 seconds). 
Transmission precision, 5%. 
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c. Deployment 
l) Preferential Location or Type of Location on the 
Lunar Surface: None 
2) Preferential Lunar Phase: None 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: The charged dust spec-
trometer should be employed both at the fixed site 
(ESS) and upon LSSM since in both locations there 
would be a scientific investigation of the lunar 
atmosphere. 
It is suggested that two charged dust spectrometers 
be used at ESS, separated by 10 meters vertically 
with the lower instrument less than one meter above 
the lunar surface, since the Debye length would limit 
the charged dust electron plasma thicknes s above the 
lunar surface . 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: May be handcarried from LEM/Shelter to 
LSSM for traverse studies or remote emplacement. 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Coordinated 
measurements of charged dust characteristics and 
magnetic and electric fields are recommended (by the 
Particles and Fields Working Group [16]) in three 
domains : (a) on the lunar surface, (b) on an insulated 
pole some 10 meters above package a), and (c) on a 
lunar orbiter at an altitude of the order of 40 kilometers . 
For ESS and LSSM measurements, the charged dust 
spectrometer readings constitute one measurement of 
the lunar atmosphere investigation, in which the fol-
lowing instruments are utilized: Atmosphere Mass 
Spectrometer, Total Gas Pressure Gauge, Lunar 
Atmospheric Hydrogen Lyman-Alpha Spectrometer, and 
Spectrophotometers (visible, ultraviolet, infrared). In 
addition to its aspect as a lunar atmosphere investigation 
3.3.2.5 
instrument , the charged dust spectrometer obser-
vations would be correlated with those of the electric 
field meters at the ESS and upon LSSM and with the 
data obtained by the meteoroid spectrometer at the 
ESS . 
2) Any Requirement for Prerequisite Earth/ Lunar / 
Space Experimentation: None 
3) Common Equipment: Timing and data handling 
facilities of the ESS or LSSM. 
4) Time Sequence Relationship: Unknown 
e. Experiment Continuity and Relationship to Other Efforts 
l) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: This 
experiment should be included in the early Apollo 
LSEP[l6]. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Ranger Program. Instrument 
may be developed for the Apollo LSEP. 
5. OPERATIONS 
a. Duty Cycle: 
l) Expected Number and Dur a tion of Operational Periods: 
The ESS charged dust spectrometers should be 
operated twice daily at lea st, and continuously during 
sola r flares (to detect any proton measurement which 
might be recorded as charged dust), a nd for six hours 
before and after nightfall on the moon (to determine 
the expected determining influence of solar radiation 
upon any charge d dust formation). The instrurnent 
will record "continuously" by sampling every 10 
seconds . The charged dust observations at the ESS 
should be correlated with the meteoroid spectrometer 
measur ements whic h are also made at the ESS, in 
order to attempt a correlation or separation of the 
charged dust and secondary ejecta measurements. 
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The charged dust spectrometer upon LSSM should be 
operated twice daily at times when the total gas 
pressure gauge and the atmosphere mass spectrometer 
are used (presumably, the latter two instruments are 
operated during each LSSM stop). 
Nine minutes of speed and charge analysis (items band 
c under 4. a. 3); one minute of flux measurements (item d 
under 4. a. 3); the above 10 minute cycle is repeated so 
as to complete 10 voltage settings of Neugebauer se-
lector (item a under 4. a. 3), total time, 100 minutes. 
Interval Between Operational Periods: See l) above. 
Total Duration of Experiment: 1 year for ESS system. 
Duration of mission for LSSM system. 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time: Unknown 
2) Crew Procedures Required: Astronaut emplacement 
of the instrument will be required. After properly 
orienting the instruments, astronaut participation in 
the observations will not be needed. 
3) Crew Skills Required: See 2) above. 
4) Importance of Astronaut Participation: See 2) above. 
5) Crew Time Per Operational Sequence: Unknown 
6) Number of Experiment Sequences Per Mission: 28, 
should be operated twice daily. 
APPARA TUS DESCRIPTION 
a. Proposed Methods of Measurement: Charged Dust 
Spectrometer 
3.3.2.7 
b. Apparatus Description 
1) De scription of Following for Component: 
a) Equipment Name: Modified Neugebauer Electro-
static Velocity Selector 
b) Size Stored: Roughly a cube, 7. 5 cm on a side. 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 2 kg per instrument: 2 at ESS, 1 on 
LSSM. 
e) Size Operating: See b) above. 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum: Readout of pulse-height or 
duration memory as desired; readout of total pulse 
accumulation as desired (will record "continuously" 
by sampling every 10 seconds). 
h) Res olution: See 4. b. 2). 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
See 4. d. 1). 
d. Ancillary Equipment: Unknown 
e. Required Development: A Neugebauer-type electrostatic 
velocity selector (Figure 1, A) has been developed for 
Ranger; modifications to include pulse chamber (B), and 
end plate detector (D) are necessary. Development pro-
gram for the entire instrument is required. 
7 . INTERFACES 
a. Proposed Experiment Location: The total gas pressure 
gauge and the atmosphere mass spectrometer should be 
mounted with the lower dust spectrometer on the ESS 
package. On LSSM one instrument, mounted with the total 
gas pressure gauge and the atmosphere mass spectrometer, 
should suffice . This group of instruments should be mounted 
on a boom or placed away from LSSM at a distance of some 
10 meters by the astronaut so readings may be taken with 
LSSM background disturbances reduced. 
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An electric field meter should be mounted along side each 
charged dust spectrometer, whether at ESS or upon LSSM, 
so that corresponding (vertical) electric field strength 
measurements are made simultaneously with (or shortly 
following) the dust spectrometer observations. 
b. Instrument Orientation and Stabilization: See a. above . 
c. Access Requirements: Unknown 
d. Environmental Requirements: 
l) Thermal control for transistorized electronics. 
2) Avoid magnetic fields; electric fields of the essentially 
electrostatic sensors will override small magnetic 
fields. 
3) Operates at lunar atmosphere pressure (vacuum); no 
pressure requirements. 
4) Must withstand launch and landing acceleration; shock-
mounted, LSSM-carried instrument. 
5) Must be vacuum conditioned. 
e. Power Requirements 
l) Average Power and Time Duration: Unknown 
2) Peak Power and Time Duration: 0.5 watts. 
3) Standby Power and Time Duration: Unknown 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Form of Data to be Collected: Analog 
b. Data Characteristics 
l) Range of Measurement: See 4. b. l). 
2) Accuracy: Tr a nsmis sion precision, 5%. 
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3) Frequency Response: Speed, pulse duration analysis; 
charge , pulse height analysis; flux, 3 decades of pulse 
counting . 
4) Output Impedanc e (s): Unknown 
c. Expected Data Acti vity: Unknown 
d. Selective Monitoring: Unknown 
e. Data Preprocessing: Unknown 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilitie s and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Electric Field Measurements 
2. APPLICATIONS/TECHNICAL AREA 
a • 
b. 
c. 
General Area: Geophysics 
Detailed Category: Natural Phenomena 
Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [1], [6], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: (l) To measure the 
electric field strength (magnitude and direction) near 
the surface of the moon; the electric field near the 
lunar surface may be variable because of the possible 
space and time distribution of charged dust particles. 
(2) To measure the electric field strength and the 
spontaneous pote ntial (derived from electric field 
strength) below the lunar surfa ce in a core hole . 
An electric field may exist w ithin a few meters of 
the lunar surface due to an ionosphere (or suspende d 
charged particles) ; such fields would vary between 
daylight and darkness, and other variations may occur 
during solar activities . 
2) Significance and Import of Expected Results: Infor-
mation would be gained about the gradient of the 
electric field and the vector electric field. These 
data will provide the following: (1) Ground-truth 
information neces sary for the inte rpretation of 
remote sensor data. (2) Basic data necessary for 
the interpr e tation of geophysical measurements. 
(3) Suggested alternative g e ophysical measurements. 
3. 3 . 3 . 1 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required : The field strength on 
the moon may have more significance because of the 
lack of an atmosphere of the magnitude of earth's. 
The lack of an apprec iable atmosphere can also be 
used to an advantage in measuring the field strength 
by an electron beam deflection method. The required 
sensitivity for lunar use and the lack of atmosphere 
encourages the development of the type of instrument 
that employs an electron gun, electron optical lenses 
and voltage deflection devices much in the manner of 
a cathode ray tube. Also, the electron beam would be 
driven with sweep circuits to form a pattern on a plate 
containing a small circular aperture. If no external 
field is pr esent the electron beam will pass through 
the hole at a time corresponding to the center points 
of the two sweeps for a square or rectangular pattern. 
If an electric field which is to be measured is applied, 
the component perpendicular to the electron beam will 
cause deflection and the beam will pass through the 
aperture at a different time in the sweeps. The sweep 
voltages (X, Y, Figure 1 ) and acce ler a ting voltage 
(V) may b e varied over sufficient range to permit scale 
changes in sensitivity. 
Electrons in the beam (B, Figure 1 A) a re acce ler-
ated by voltage (V) and pass through horizontal and 
vertical deflection plates (P) . After passing through 
plates (P) beam travels distance (dLand strikes a metal 
plate (M) which contains a small circular aperture (H). 
If the external electric (or magnetic field) is zero then 
the electron beam pas ses through (H) when the hori-
zontal and vertical swe ep voltages (X, Y) are both zero. 
With an external electric field (E) the beam passes 
through (H) when the sweep voltages are (XE, YE) and 
o shifts to 0' (Figure 1, B, C). If (XE) and (YE) 
are known, then E may be determined if the magnetic 
field (H) is zero or some other known value. The 
presence of a magnetic field can be corrected for by 
varying the accelerating voltage (V) slowly and meas-
uring the corresponding voltages (X) and (Y) . The 
correction then can be obtained because the electron 
beam deflection, due to an applied electric field, is 
inversely proportional to the accelerating voltage, 
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Figure 1. Sketch Showing Essential Features of Electron Beam 
Deflection Electric Field Meter. A, geometrical and 
electrical arrangement; B, X, Y, voltage waveforms; 
C, sweep patte rns for zero external electric field 
(left) and for a nonzero electric field (right) - note the 
shift of the sweep pattern, H remaining fixed but 0 
displaced to 0'. [6] 
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whereas it is inversely proportional to the square 
root of the accelerating voltage for an applied 
magnetic field. A table of values of (X, Y), or a set 
of curves, will be determined from which the value of 
(E) and (H) may be determined. 
b . Measureme nts and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Electric field (gradient, 
magnitude, direction, etc.). 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: 0.1 to 10 3 volts/cm [6], 0.1 to 
10 0 V / m [14], 5% accuracy. 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Two electric field meters are 
desirable, one close to the lunar surface, the other 
10 meters ver tically above the first (on an insulated 
mast). 
2) Preferential Lunar Phase: Day and night measure-
ments are desirable for correlation w ith Charged Dust 
Spectrometer. 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: 2 sensors at ESS, separated 
10 meters vertically; 1 sensor at LSSM - all sensors 
to be placed with or near the Charged Dust Spectrome-
ters. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: One will be de~loyed by the LSSM. 
d. Supporting Experimentation 
1 ) Any Requirement for Support by Simultaneous Earth/ 
Lunar /Space Obs ervations or Activities: The electric 
field m.eters ar e used primarily to measure any electric 
field present when the charged dust spectrometers are 
recording. Hence, the electric field strength is meas-
ur ed simultaneously with (or shortly following) the dust 
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spectrometer observations. The charged dust spec-
trometers form part of the instrumentation for the 
"lunar atmosphere investigation". The following 
instruments support the atmosphere investigation: 
atmosphere mas s spectrometer; total gas pres sure 
gauge; and hydrogen Lyman-alpha detector. 
Coordinated measurements of charged dust character-
istics and magnetic and electric fields are recommended 
(by the Particles and Fields Working Group [16J) in 
three domains: (a) on the lunar surface, (b) on an 
insulated pole some 10 meters above package a), and 
(c) on a lunar orbiter at an altitude of the order of 40 
kilometers. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Unknown 
3) Common Equipment: Timing and data handling facilities 
of LSSM or ESS. 
4) Time Sequence Relationship: Unknown 
e. Experiment Continuity and Relationship to Other Efforts 
I) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
measurement of the vertical component of electric 
field on the lunar surface is recommended early in the 
Apollo program for the first 10 to 100 meters above 
the lunar surface (Particles and Fields Working 
Group [I6J). 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: The electric field meter may 
be developed for the Lunar Surface Experiment Package 
(LSEP) of the Apollo program. 
OPERATIONS 
a. Duty Cycle 
1 ) Expected Number and Duration of Operational Periods: 
Operated in conjunction with the charged dust spec-
trometer. At the ESS, duration of operational periods 
are twice per day or more frequently - continuously 
3.3. 3.5 
during solar flares. Each field strength reading is 
obtained in les s than 1 second (excluding warmup 
time). On the LSSM, measurements are made 
periodically during traverses . 
2) Interval Between Operational P e riods: (ESS) about 
12 hours. 
3) Total Duration of E x periment: (ESS) 2 years. 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time R e quired For: 
a) Setup : 5 minutes for initial setup, automatic 
thereafter. 
b) Checkout and Calibration: None 
c) Standby: Duration of warmup time. 
d) Expe rimentation: 1 second. 
2) Crew Proc edures Required: Deployment and checkout 
of the 2 electric field mete rs a t the ESS, and of one 
electric fi e ld mete r on a boom on the LSSM. 
3) Crew Skills Required: Ope ration procedures. 
4) Importance of Astronaut Participation: See 2) above. 
5) Crew Time Per Ope r ational Sequence: Warmup time 
plus 1 s e cond. 
6) Number of Experiment Seque nces Per Mission: See 
a . 1) above. 
6. APPARATUS DESCRIPTION 
a. Proposed M e thods of Measurement : Electron beam 
deflection. 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Electron Beam Type Electric 
Field Meter 
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b) Size Stored: 3 X 3 X 20 cm 
c) Pressurized or Unpressurized (stored): 
Unknown 
d) Weight: Estimated 2 kg with mounting structures 
per sensor (3 sensors - 2 at ESS, 1 at LSSM). 
e) Size Operating: See b) above. 
f) Pressurized or Unpressurized (operating): 
Unknown 
g) Frequency Spectrum: See 4. b. 2). 
h) Resolution: See 4. b. 2). 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
See 4. d. 1). 
d. Ancillary Equipment: Unknown 
e. Required Development 
1) Principal Apparatus Requiring Development: The 
electron beam type electric field meter requires 
development although the principle of the instrument 
is well established. An alternate type electric field 
meter, employing the principle of modification of the 
electron emission in a diode due to an external super-
posed electric field, is under development also and 
may be applicable to the Apollo Applications program. 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Curr ent Status of Experiment, Especially Present 
State-of-the-Art: See 1) above . 
7. INTERFACES 
a . Proposed Experiment Location: See 4. c. 3); isolate from 
equipment-generated electric or magnetic fields . 
b. Instrument Orientation and Stabilization: Unknown 
c. Access Requirements: Instrument should not be operated 
in shielded compartment. 
3.3.3.7 
d. Environmental Requirements: Thermal control for elec-
tronics only; magnetic field must be corrected; operates 
in vacuum; deployed at ESS, on a boom or away from 
LSSM (alongside Charged Dust Spectrometer). 
e . Power R equirements 
l) Average Power and Time Duration: 400 milliwatts, 
each instrument; 5 seconds every twelve hours for 
ESS (continuous during solar flares), random 5- second 
durations for LSSM. 
2) Peak Power and Time Duration: Not Applicable 
3) Standby Power and Time Duration: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Two dc voltages varying 
directly with time, 0-5 volts; one electronic time (pulse 
count). 
b. Data Characteristics 
I) Range of Measurement: O. I to 1 0 3 volts / cm 
2) Accuracy: 5% 
3) Frequency Response: Low frequency 
4) Output Impedance(s): Unknow n 
c. Expected Data Activity: Unknown 
d . Selec tive Monitoring: Unknow n 
e. Data Preprocessing: Unknown 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Unknown 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Charged Particle Spectrometers 
2. APPLICATIONS/ TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geoph ysics 
Detailed Category: Low Energy Particles 
Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b . All Other Contacts: Unknown, [2], [6], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1 ) Specific Objective and Purpos e: To measure the flux 
of incident charged particles with energies higher than 
those which can be measured by the solar plasma 
spectrometer. 
2) Significance and Import of Expected Re sults: One of 
the most important reasons for making radiation 
measurements on the lunar surface is to determine the 
biological hazard from the various radiation sources. 
A direct assessment of the hazard is obtained from 
dose measurements in tissue-equivalent detectors, but 
more detail is required. Particle definition and energy 
is required to know penetration and relative biological 
effectiveness, and to be able to predict the effectiveness 
of protective clothing and other shields. Of particular 
importance is the knowledge of the dose as a function 
of time , in order to relate it synoptically with the 
pe riods of solar flare s. Solar flare s are the most 
se rious biological hazard to the potential moon dweller. 
Details of their history and the associated dose at the 
moon surface are needed to develop predictive warning 
techniques; to optimize the design of temporary shielding; 
and to evaluate the effectivene s s of lunar surface ma-
terial in providing shielding. 
3. 3.4. 1 
Another general purpose of making radiation studies 
is to develop theorie s concerning the cosmological 
processes which give rise to such radiation. 
3) D escription of the Key Techniques and Scientific I 
Technical Approaches Required: The proton spec-
trometer consists of a collimation housing containing 
two CsI crystals and a plastic scintillator anticoinci -
dence ring. The electronics require coinc idence 
between the two CsI cr y stals and anticoinc idence with 
the plastic scintillator ring. The light from the larger 
of the CsI crystals and the plastic scintillator ring sur-
rounding it is sensed with a single photomultiplier tube. 
The coincidence-anticoinc idence signal f rom the larger 
of the two CsI crystals is then pulse height analyzed. 
The entrance portion of the instrument contains a pair 
of magnets situated to minimize the count rate in the 
thinner of the two CsI crystals caused by incident 
e lectrons. 
The crystals are surrounded by a brass shield which 
provides shielding in all directions except for the col-
limator ape rture. The thin CsI crystal is placed at 
the entrance of the aperture. The two crystals are 
sized and the phototubes biased such that a 5 MeV 
proton traver sing the thin dE I dx crystal will not be 
energetic enough to fire the photomultiplier sensing 
the E (absorbing) crystal, and a 1000 M eV proton will 
not create enough light in the dEl dx crysta l to fire a 
photomultiplier tube viewing the crystal. 
Since both photomultipliers must fire before the signal 
is pulse height analyzed, the biasing and coinc ide n ce 
arrangement (l) as sure s tha t any proton pulse from the 
E crystal that is pulse height analyzed has passed through 
both crystals and (2) d e termines the energy range of the 
instrument caused by the biasing of the photomultiplier 
output. 
High energy particles passing through the shielding 
can produce secondary radiation which w ill fire both 
crystals. To prevent counting and pulse height analyzing 
the s e events, a plastic scintillator anticoincidence ring 
surrounds the E crystal. When all three scintillators 
pulse in coincidence , the pulse from the E crystal is 
reje c ted . 
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The electron spectrometer consists of a photomultiplier 
with plastic scintillator and a permanent magnet or 
electric field deflector. The field will be used to 
separate electrons from protons and heavier Z number 
ions. Electron energies are then determined by pulse-
height analysis of the scintillations in the plastic scintil-
lator. The lower limit of detected ener gy range will be 
established by the minimum detectable photomultiplier 
output and the upper energy limit by the deflection capa-
bility of the magnetic or electric field. 
The electrons enter the spectrometer through a col-
limator. The collimator is shielded in all dire c tions 
except in the collimator entrance direction so that 
protons of E > 5 Me V rna y penetrate. Since electrons 
above 5 MeV are not deflected into the scintillator, any 
protons which penetrate the shield will deposit more 
energy in the scintillator than a 5 MeV electron, and 
thus may be screened out. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Flux-energy spectra for 
protons and electrons will be determined. Lunar day-
night variations will be determined. Variations of flux 
with time will be observed. Any anisotropy in the 
radiation flux will be detected . 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Two types of spectrometers will 
be used. One will measure the energy and flux of 
protons with kinetic energies of 5 MeV to 1000 MeV 
(8 X 10-13 to 1.6 X 10-10 joules) and of higher Z number 
ions in energy ranges which will vary with mass 
numbers . The other spectrometer will measure the 
energy and flux of electrons within the energy range 
20 keV to 5 MeV (3.2 X 10-15 to 8 X 10-13 joules). 
Two spectrometers of each type are needed for s i mul-
taneously viewing the sun and viewing in a direction 
perpendicular to the plane of the sun-instrument line. 
3. 3. 4.3 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Not Applicable 
2) Preferential Lunar Phase: Measurements to be made 
during lunar day and night. 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: At ESS 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Not Applicable 
d. Supporting Experimentation 
1 ) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: In general, 
those observations which should be correlated with the 
solar plasma spectrometer should also be obtained for 
the charged particle spectrometers. In particular, the 
data from the solar pla sma spectrometer should be 
available for cor r e lation purposes. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment: Power source, data processing 
system 
4) Time Sequence Relationship: Simultaneous measure-
ments by solar plasma spectrometer, neutron phoswich 
detector, total gas pres sure gauge, and magnetometer. 
e. Experiment Continuity and Relationship to Other Efforts 
1 ) Relationship of This Experiment to Additional Steps 
or Phas e Required to Satisfy Overall Objective: 
Measurements which will be taken by lunar orbiting 
satellities should be used for comparison studies and 
directional measurements. 
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2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: A gamma ray spectrometer 
which has similar characteristics to the instrument 
proposed for charged particle measurements has been 
developed for Ranger 3. 
5. OPERATIONS 
a. Duty Cycle 
l) Expected Number and Duration of Operational Periods: 
Continuous operation for life of ESS 
2) Interval Between Operational Periods: Measurements 
taken once per hour 
3) Total Duration of Experiment: Life of ESS 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: Unknown 
d) Experimentation : Not defined 
2) Crew Procedures Required: Astronaut emplacement 
of the instruments will be required. After properly 
orienting the instruments, astronaut participation in 
the observations will be to insure proper instrument 
range . 
3) Crew Skills Required: Astronauts must be trained in 
,. deploying and activating the instruments. 
I 
.. 
.I 
4) Importance of Astronaut Participation: Site selection 
and deployment require human judgment . 
5) Crew Time Per Ope r a tional Sequence: Unknown 
6) Nurnber of Exper iment Sequences Per Mission: One 
per hour for duration of mission 
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6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Charged Particle 
Spectrometers (four required) 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Charged Particle Spectrometer 
(either proton or electron) 
b) Size Stored: 0.001 m 3 per spectrometer 
c ) Pressurized or Unpressurized (stored): 
Unspecified 
d) Weight: 0.7 kg per spectrometer 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating) : 
Unpressurized 
g) Frequency Spectrum: 0 - 400 kHz (l 05 samples/ 
sec) 
h) Res olution: Not defined 
i) Pointing Accuracy: Not defined 
c. Simultaneous Observations by Sens ors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Solar plasma spectrometer, neutron phoswich detector, 
total gas pressure gauge, and magnetometer 
d. Ancillary Equipment: Unknown 
e. Required Development 
1) Principal Apparatus Requiring Development: Charged 
Particle Spectrometer 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Developn1ent 
Go-Ahead: Unknown 
3 ) Current Status of Experiment , Especially Present 
State-of-the-Art: Similar instruments have been 
built; however, the se instruments must be developed 
for the particular applications for which they are 
intended. While solid state devices similar to those 
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used on the Injun 3, Beta Tau 2 probe have not been 
ruled out, the devices described are favored at this 
time, due to a better resolving power, particularly 
for the electron energies considered . 
INTERFACES 
a. Proposed Experiment Location: At ESS. Proximity to 
R TG power source should be avoided. 
b. Instrument Orientation and Stabilization: One of each type 
of spectrometer is progr'ammed so that the orifice will 
view the sun continuously during the lunar day. The other 
two spectrometers will be pointed perpendicularly to the 
first, in a horizontal plane. During the lunar night the 
spectrometers will remain stationary but will still be 
active. 
c. Access Requirements: Unobstructed exposure to radiation 
from upper hemisphere is required. 
d. Environmental Requirements: Unknown 
e. Power Requirements 
l) Average Power and Time Duration: 1.25 watts con-
tinuous per spectrometer (four required) 
2) Peak Power and Time Duration: Same as above 
3) Standby Power and Time Duration: Not Applicable 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a . Form of Data to be Collected: Digital signals from two 
lOO-channel binary output pulse-height analyzers . The 
binary outputs are proportional to the number or protons 
or electrons with given energy levels which are collected 
during the counting inte rval. 
3.3.4.7 
b. Data Characteristics 
1 ) Range of Measurement: (100 channels for proton or 
electron spectrometer) 
Physical Units 
Minimum Reading 0 particles with 
prescribed energy 
level 
Maximum Reading 1024 particles with 
prescribed energy 
level 
Resolution Not defined 
2) Accuracy: 5% 
E lectrical Units 
Obits 
10 bits 
3) Frequency Response: 10 3 bits/sec (maximum) per 
proton or electron spectromete r 
4) Output Impedance(s): Not defined 
c. Expected Data Activity: To obtain the desired resolution 
for either the proton or electron spectrometer, a 100-
channel analyzer is recommended. It is possible that the 
number of channels used and the data rate will be very 
tim.e dependent . 
d. Selective Monitoring: Not defined 
e . Data Preprocessing: In some cases sufficient information 
rna y be obtained by transmitting the mean numbe r of protons 
or electrons with a prescribed energy level in an area over 
som.e specified time interval. 
9. SUPPLEMENTARY INFORMA TION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: An earth-based data handling and analysis 
facility should be established as an integral part of the 
Apollo field exploration system. This facility is to perform 
data compilation and analysis for real-time mission support 
and for post-mission analysis. The facility w ill record all 
scientific data obtained during a mission. 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Solar Plasma Spectrometer 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b . 
c. 
General Area: Geophys ics 
Detailed Category: Solar Plasma 
Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [6], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significanc e 
1 ) 
2) 
Specific Objective and Purpose: The purpose of the 
solar plasma spectrometer is to measure at the lunar 
surface the low energy charged particle (electrons and 
protons, principally) flux-versus-energy spectrum. 
Significance and Import of Expected Results: One of 
the most important reasons for making radiation 
measurements on the lunar surface is to determine 
the biological hazard from the various radiation 
sources. A direct assessment of the hazard is ob-
tained from dose measurements in tissue-equivalent 
detectors, but more detail is required. Particle defi-
nition and energy is required to know penetration and 
r e lative biological effectivenes s, and to be able to 
predict the effectiveness of protective clothing and other 
shields . Of particular importance is the knowledge of 
the dose as a function of time, in order to relate it 
synoptically with the periods of solar flares. Solar 
flares are the most serious biological hazard to the 
potential moon dweller. Details of their history and 
the associated dose at the moon surface are needed to 
develop predictive warning techniques; to optimize the 
d es ign of temporary shielding; and to evaluate the 
effectiveness of lunar surfac e material in providing 
shielding. 
3 . 3. 5. 1 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The Neugebauer 
electrostatic velocity selector is employed to measure 
the flux (particles/cm2-sec) of either protons or elec-
trons (differentiated by both ele ctric charge sign and 
charge/mass ratio) for various speeds selected by the 
electrostatic analyzer. The speed selected is directly 
proportional to the voltag e (which is programmed 
sequentially in ten voltage steps, including 0 voltage, 
for the protons and electrons separately) between the 
concentric cylindrical quarter-circle capacitor plates; 
the electric charge, positive or negative, is determined 
by the polarity of the voltage on the cylindrically shaped 
capacitor plates and the flux of particles is measured by 
pulse accumulation in a 7-decade scaler connected to a 
Farada y cup-type charge collector. 
The equation for the speed, v, of a charged particle 
(mass m; charge q), obtained by equating the mechan-
ical and electrical expressions for the centripetal 
force on the particle as it traverses a circular tra-
jectory of radius R though the velocity selector, is 
v _ ( qV ) 
- rn Pn h / ;:J ( I ) 
where b and a are the capacitor plate radii. The 
velocity selector electrodes require outer-inner 
electrode voltages of about -100 to +2000 volts dc In 
10 steps, including 0 volts, to span the ranges of 
electron energies 0 - 500 eV approximately and 
proton energies 0 - 5000 eV approximately (with 
compatible values for the radii a and b assumed). 
b. Measurements and Data 
I) Particular Phenomena and Characteristic s to be 
Observed and Measured: Both the quie scent plasma 
(extension of sun l s atmosphere) and the solar wind 
(corpuscular streams, not in thermal equilibrium) 
would be rneasured by observing both quiescent and 
more active phases of the phenomenon; the lunar day 
versus night variations in the solar plasma; and time 
variations in the solar plasma as caused, for example, 
by solar flares. 
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2) Resolution Needed to Successfully Observe the 
PhenoIYlena Above: Two instruIYlents, at least, are 
necessary for continuous siIYlultaneous IYleasureIYlents 
in two directions, toward the sun and in a fixed direction 
away froIYl the sun (in the horizontal direction away froIYl 
the ecliptic). At least two cOIYlplete one-hour observations 
are IYlade each day in norIYlal operation. Provision is 
IYlade for continuous observation during solar flares and 
for six hours before and after lunar nightfall. 
c. DeploYIYlent 
1) Preferential Location or Type of Location on the Lunar 
Surface: Not Applicable 
2) Preferential Lunar Phase: Not Applicable 
3) Location( s) Relative to LEM/ Shelter Where Experi-
IYlent is to be PerforIYled: At ESS 
4) Method of DeploYIYlent of InstruIYlentation froIYl LEM/ 
Shelter: Not Applicable 
d. Supporting ExperiIYlentation 
1) Any RequireIYlent for Support by SiIYlultaneous Earth/ 
Lunar / Space Obs ervations or Activities: The solar 
plasIYla spectroIYleter is part of the instruIYlentation for 
the "Radiation MeasureIYlents" which also include 
total radiation dosiIYleter (ion-chaIYlber types), charged 
particle spectroIYleters, gaIYlIYla ray detector (G-M type), 
and neutron phoswich detector. 
In addition to its radiation inve stigation aspects an 
onset of solar plasIYla IYlay affect other investigations 
which are planned, such as the II Lunar AtIYlosphere 
Investigation". (It will be iIYlportant to deterIYline if 
possible whether the solar plasIYla "flattens" the lunar 
IYlagnetic field and/ or "drives the lunar gases" froIYl the 
sunny side to the dark side of the IYloon.) The detection 
of the possible phenoIYlena require the siIYlultaneous, or 
in close tiIYle s e quence, IYleasureIYlent of the IYlagnetic 
field IYlagnitude and direction (IYlagnetoIYleter), and the 
total gas pressure (total gas pressure gauge) at tiIYles 
of IYlore intense solar plasIYla flux and during the tran-
sition froIYl day to night on the IYloon. 
3. 3. 5.3 
Hence, for both these situation (to obtain cOlllplete 
radiation data during solar plasllla activity and to 
investigate other effects of solar plaslllas), the plasllla 
spectrollleters are arranged to trigger into operation 
the following group of instrulllents whenever the plasllla 
flux is in excess of 5 to IO tillles the quiescent level: 
charged particle spectrollleter, neutron phoswich de-
tector, total gas pressure gauge, and lllagnetollleter. 
2) Any R equirelllent for Prerequisite Earth/ Lunar / Space 
Experilllentation: None 
3) COllllllon Equiplllent: Power source, data storage, and 
translllission facilities of the ESS 
4) Tillle Sequence Relationship: Magnetollleter llleasure-
lllents are lllade sillluitaneously or in sequence with 
solar plasllla observations. The other instrulllents are 
triggered into operation whenever the plasllla spec-
trolllet e r reads a flux in excess of 5 to 10 tillles the 
quiescent level. 
e. Experilllent Continuity a nd Relationship to Other Efforts 
I) Relationship of This Experilllent to Additional Steps 
or Phase Requir e d to Satisfy Overall Objective: 
Measur ellle nts of low and lll e diurn p a rticle fluxes in 
the lunar vicinity should be lllade by lunar orbiting 
satellites to be cOlllpa red with surface llleasurelllents. 
2) Relationship of Proposed Experilllent to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to COllllllence: The Neugebauer (JPL) electro-
static velocity selector instrulllents have been developed 
for space use in Ranger, Surveyor, and satellite pro-
grallls. 
5. OPERATIONS 
a. Duty Cycle 
I) Expected Number and Dur ation of Operational Periods: 
Norlllal operation - two one-hour observations per 
earth day. Each observation would consist of 12 cycles 
of velocity selector voltage. Provision for continuous 
observations during solar flares and for six hours before 
and after lunar nightfall. 
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2) Interval Between Operational Periods: Estimated 
eleven hours or less in normal operation 
3) Total Duration of Experiment: Life of ESS 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Not defined 
c) Standby: Unknown 
d) Experimentation: Unknown 
2) Crew Procedures Required: The astronaut must em-
place the instruments, orient their observation directions 
properly (adjusting one sensor for continuous sun tracking), 
open the instruments (removing orifice caps), make all 
connections, and check on all other routine installation 
operations. 
3) Crew Skills Required: Astronauts must be trained in 
the operations of 2) above. 
4) Importance of Astronaut Participation: Site selection 
and proper deployment of the instruments requires 
human judgment. 
5) Crew Time Per Operational Sequence: Unknown 
6) Number of Experiment Sequences Per Mission: Two 
per earth day for life of ESS 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Solar plasma spec-
trometer 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Neugebauer Solar Plasma 
Spectrometer 
b) Size Stored: Estimated lOX lOX 10 ern for two 
sensors 
3 . 3,5,5 
c) Pressurized or Unpressurized (stored): 
Unknown 
d) Weight: Estimated 2.5 kg for two sensors 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: 50 eV for electrons, 500 eV for 
protons 
i) Pointing Accuracy: Not defined 
c. Sirnultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: A 
magnetometer should be mounted with the solar plasma 
spectrometers (as close as is consistent with the magnetic 
field background of the magnetometer) and observations of 
magnetic field magnitude and direction are to be made 
simultaneously, or in sequence, with the solar plasma 
observations. 
d. Ancillary Equipment: Unknown 
e. Required Development 
I) Principal Apparatus Requiring Development: None 
2) Estimated Time Required for Delivery of Flight 
Hardwa re Starting from Experiment Development 
Go-Ahead: Not Applicable 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Se e 4. e. 2). 
7 . INTERFACES 
a. Proposed Experiment Location: At ESS. Avoid proximity 
to isotopic power supply. 
b. Instrument Orientation and Stabilization: Exposure to solar 
plasma flux over large elevation angle required . 
c. Access Requirernents: One sensor tracks the sun, the other 
is mounted in a fixed position pointed horizontally away from 
the ecliptic plane. 
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d. Environmental Requirements: Thermal control, 0 - 70°C 
operating temperature except for transistors; magnetic 
e. 
flux density at sensors less than 100 nanotesla (10- 3 gauss); 
pressure, sensor requires vacuum environment (lunar vacuum 
is ideal); must withstand launch and landing accelerations; 
should be maintained in vacuum environment on the moon to 
reduce background due to outgassing and to avoid contami-
nation; velocity selector plates should be shielde-.d: from 
sunlight. 
Power Requirements 
1) Average Power and Time Duration: 1 watt for two 
sensors (estimated); dc voltage (approximately 0 cur-
rent) -100 to +2000 volts in 10 steps; good regulation is 
required for the velocity analyzer. 
2) Peak Power and Time Duration: Same as average 
3) Standby Power and Time Duration: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Digital outputs from two 
7 -position decade counters in conjunction with an analog dc 
voltage proportional to the velocity selector electrode voltage. 
A count is accumulated for 30 seconds at each of 10 electrode 
voltages. This is repeated for one hour or approximately 
12 cycles of the electrode voltage range. 
b. Data Characteristics 
1) Range of Measurement: (Same for both proton and 
electron counters) 
Minimum Reading 
Maximum Reading 
Resolution 
2) Accuracy: 5% 
o particles 
10 7 par tic Ie s 
10 1 particles 
Obit 
7 bits 
1 bit 
3) Frequency Response: 14 bits / min for each decade 
counter, and dc for electrode voltage. 
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4) Output Impedance(s): Not defined 
c. Expected Data Activity: Solar wind proton fluxe s of 108 
to 109 Icmz-sec with energies less than 10 keV are antici-
pated. Thes e values have been measured by using deep space 
probes such as Mariner II and Mariner IV. These flux 
densities are nearly uniform with time. During periods of 
solar flare activity, there are large increases in the flux of 
high energy protons from the sun. These protons have an 
energy spectrum which is overlapping that of the galactic 
cosmic rays. 
d. Selective Monitoring: Not defined 
e. Data Preprocessing: Consideration should be given to com-
putational preprocessing prior to data storage on the lunar 
surface to obtain the mean and standard deviation of particle 
counts over a preselected time interval. These two quantities 
would then be transmitted in place of the raw data or some 
combination of both taken for the full earth day might be best. 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: An earth-based data handling and analysis 
facility should be established as an integral part of the 
Apollo field exploration system. This facility is to per-
form data conlpilation and a n alysis for real time mis sion 
support and for post-mission analysis. The facility will 
record all scientific data obtained during a mission. 
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E X PERIMENT IDENTIFICATION AND DESCRIPTION 
1. T I TLE : Neutron Flux Measurement (Phoswich Detector) 
2. APPLICA T IO NS/ TECHNICAL AREA 
a . 
b. 
Gene r al Area: Geophysics 
Det ailed C ategory: Neutron Flux 
c. Other In t ere s ted U. S. Agencies: Unknown 
3. SOURCE O F EXPERIMENT AND CONTACTS 
a . O riginal Author of Experiment: Public domain 
b . A ll Other Contacts: Unknown, [6] , [16] 
4. OBJE C TIVE AND SCOPE 
a. Objective and Significance 
1) Specifi c Objective and Purpose: To measure upon the 
lunar surface the flux-energy spectrum of both incident 
and lunar albedo neutrons. The energy discrimination 
will i d entify the neutrons as "slow" (approximately 
thermal) or "fast" (approximately fission) neutrons. 
2) Significance and Import of Expected Results: The 
detection of neutrons arriving from space would yield 
important information about neutron decay rates in 
space and the origin of magnetic ally trapped protons 
i n the earth I s magnetosphere. It has been postulated 
that a significant perc e ntage of the trapped protons 
originate from the decay of neutrons emitted by the 
sun. Also, it will be of interest to determine if there 
is a correlation between the incident neutron flux and 
the Forbush decrease associated with cosmic ray 
activity. Detection of the lunar neutron albedo may 
y ield important information regarding the lunar crust . 
3) Description of the Key T e chniques and Scientific/ 
Technical Approaches R e quired: A phoswich detector 
consists of fast and slow scintillation phosphors viewed 
by the same photomultiplier tube. By distinguishing 
between a composite signal from both phosphors, and a 
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signal frorn either type of phosphors alone, the circuit 
can be used as either a coincidence or anticoincidence 
detector, depending upon the mode chosen. 
The neutron phoswich spectronleter uses the phoswich 
detector in an anticoincidence mode in order to detect 
a neutron flux in a flux of charged particles. A pair 
of neutron detector s, one for "fast" neutrons and one 
for "slow" neutrons, is used. Both detectors are 
essentially the same and employ the phoswich principle. 
However, the "fast" neutron detector has a 5.4 cm 
polyethylene moderator plug placed in front of the 
phoswich. 
The detectors consist of cylindrical (3 . 18 cm diameter 
by 3.49 cm length) plastic scintillators in which are 
embedded four cylindrical discs (1.9 cm diameter by 
0.32 cm length) of Li6 I which produce 4.8 MeV alpha 
particles by the reaction Li6 (neutron, alpha) H3. These 
alpha particles cause the Li6 I crystals to scintillate so 
energizing the photomultiplier which views both the 
plastic a nd crystal scintillators. 
Since the decay times of the two crystals are very 
much different, (3 to 5 X 10- 9 seconds for the plastic 
scintillator and 2.7 X 10- 6 seconds for th e Li6 I crystals), 
electronic circuitry can be designed that will open a 
gate only for a "pure" Li6 I scintillation. In this way, 
charged particle s that enter from outside the detector 
and fir e both scintillators w ill not be counted. The 
entire l ength of the detectors will be covered by a B 10 
sleeve inside a polyethy l ene cylinder of 5.4 cm wall 
thicknes s. This shielding will cause neutrons entering 
the apparatus from any direction other than the ac-
ceptance cone to be moderated and absorbed. The 
"fast" neutron detectors will also have a 5.4 cm plug 
placed in front of the scintillators to n10derate "fast" 
neutrons entering th e apparatus through th e acceptance 
cone. 
b. Measur ements and Data 
1 ) P a rticular Phenomena a nd Characte ristic s to be 
Observed and Measured: The flux from the sun, from 
the lunar surface, a nd from a direction perpendicular 
to the moon- sun line will b e obtained. 
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2) Resolution Needed to Successfully Observe the 
Pheno:mena Aboye: Nor:mal operation - count will be 
accu:mulated for four hours and read out at one-hour 
intervals. 
During solar flare activity, the output of the neutron 
phoswich will be continuously recorded or sa:mpled 
frequently at 1 :minute intervals and then recorded. 
Three sets of "fast" and II slow" neutron detectors are 
required. 
Deploy:ment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Re:moved fro:m all sources of :man-:made 
radiation 
2) Preferential Lunar Phase: Not Applicable 
3) Location(s) Relative to LEM/ Shelter Where Experi-
:ment is to be Perfor:med: At ESS 
4) Method of Deploy:ment of Instru:mentation fro:m LEM/ 
Shelter: Handcar ried 
d. Supporting Experi:mentation 
1) Any Require:ment for Support by Si:multaneous Earth/ 
Lunar / Space Observations or Activities: Radiation 
:measure:ments at the ESS - total radiation dosi:meter 
(ion-cha:mber type), solar plas:ma spectro:meter and 
:magneto:meter, charged particle spectro:meters, and 
ga:m:ma ray detector (G-M type). 
2) Any Require:ment for Prerequisite Earth/ Lunar / Space 
Experi:mentation: None 
3) Co:m:mon Equip:ment: Power source, data storage 
and trans:mission facilities of the ESS 
4) Ti:me Sequence Relationship: Not Applicable 
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e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Data 
should be correlated with that of the lunar orbiter and 
early Apollo missions. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Unknown 
5. OPERA TIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Single continuous operating period 
2) Interval Between Operational Periods: Readout at one 
hour (normal) or one minute (solar flare) intervals. 
3) Total Duration of Experiment: Life of ESS 
b. Crew Requiren'lents and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c ) Standb y: Unknown 
d) Experimentation: None 
2) Crew Procedures Required: The astronaut must deploy 
the instrument and place it in the correct position upon 
the lunar surface. 
3 ) Crew Skills Required: Astronauts should be trained 
in the operations of 2) above. 
4) Importance of Astronaut Participation: Selection of 
a suitable site and initial orientation of the instrument 
requir e s ast ronaut participation 
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5) Crew Tim.e Per Operational Sequence: Unknown 
6) Num.ber of Experim.ent Sequences Per Mission: Not 
Applicable 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurem.ent: Set of six phoswich 
detectors arranged to provide discrim.ination in neutron 
energy and direction of incidence. 
b. Apparatus Desc ription 
1) Description of Following for Com.ponent: 
a) Equipm.ent Nam.e: Phoswich Detector 
b) Size Stored: O. 005 m. 3 
c) Pressurized or Unpressurized (stored): 
Unknown 
d) Weight: 5 kg 
e) Size Operating: Sam.e as b) above 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequenc y Spe ctrum.: Unknown 
h) Resolution: Unknown 
i) Pointing Accuracy: Unknown 
c. Sim.ultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experim.ent: 
See 4. d. 1). 
d. Ancillary Equipm.ent: Unknown 
e. Required Developm.ent 
1 ) Principal Apparatus Requiring Developm.ent: Sim.ple 
boron shield for directional detection 
2) Estim.ated Tim.e Required for Delivery of Flight 
Hardware Starting from. Experim.ent Developm.ent 
Go-Ahead: Unknown 
3) Current Status of Experim.ent, Especially Present 
State -of-the-Art: Sim.ilar instruments have been 
flown on balloons 
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7. INTERFACES 
a. Proposed Experiment Location: Avoid proximity to isotopic 
power supply of ESS 
b. Instrument Orient ation and Stabilization: Unknown 
c. Access Requirements: Unobs t ruc ted exposure to lunar 
surface and to sun r e quir e d 
d. Environmental Requirements: Thermal control; the solid 
state electronic devices in the circuit must be thermally 
protected; must be capable of withstanding launch and 
landing vibration and shocks. 
e. Power Requirements 
1) Average Power and Time Duration: 5.4 watts at 28 
volts de continuous for life of ESS 
2) Peak Power and Time Duration: Same as 1) above 
3) Standby Power a nd Time Duration : Not Applicable 
8 . SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data t o be Collected: Digital output from six 
decade counters. The count is directly proportional to the 
neutrons rec e ived by the six detectors . 
b. Data Characte ristics 
1) Range of M easureme nt: (Same for all three detector 
pairs) 
Minimum Signal 
Maximum Signal 
Resolution 
o neutrons 
O. 57 X 10 6 neutrons 
Function of count 
Obits 
7 bits 
1 bit 
The data g iven abov e w e re obtained with the assumptions, 
(1) a 5 neutron/ c m l - sec density, [16] (2) a receiving 
area with a diameter of 3.18 cm, [6] (3) a counting 
interval of 1. 0 hour . 
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2) Accuracy: 5% desired if bit rate available 
3) Frequency Response: 3 bits/ sec for each of the six 
decade counters 
4) Output Impedance(s): Not defined 
c. Expected Data Activity: Not defined 
d. Selective Monitoring: Not defined 
e. Data Preprocessing: Consideration should be given to 
computational analyses to determine the mean and standard 
deviation of the neutron counts prior to data storage on the 
lunar surface. 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: An earth -based data handling and analysis 
facility should be establishe d as an integral part of the 
Apollo field exploration system. This facility is to per-
form data compilation and analysis for real-time mission 
support and for post-mis sion analysis. The facility will 
record all scientific data obtained during a mission . 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Total Radiation Measurement (Ion- Chamber Type 
Dosimeter) 
2. APPLICATIONS/ TECHNICAL AREA 
a • 
b. 
c. 
General Area: Geophysics 
Detailed Category: Total Radiation Dosimeter 
Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [6], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To measure the 
biological hazard from radiation on the lunar surface. 
2) Significance and Import of Expected Results: A direct 
assessment of the hazard is obtained from dose meas-
urements in tissue-equivalent detectors. Of particular 
importance is the knowledge of the dose as a function of 
time, in order to relate it synoptically with the periods 
of solar flares. Solar flares are the most serious bio-
logical hazard to the potential moon dweller. Details of 
their history and the as sociated dose at the moon's sur-
face are needed to develop predictive warning techniques, 
to optimize the design of temporary shielding, and to 
evaluate the effectivenes s of lunar surface material for 
radiation shielding . 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The principle of 
operation is to measure the rate of ionization in argon 
gas. This measurement can be converted to the rate 
of ionization in standard temperature and pressure air, 
which is proportional to the incident radiation intensity. 
Ions ar e collected by a charged anode. Discharge is 
effe cted by a quartz fibe r electrometer and the resulting 
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pulse is coupled to external circuitry. The pulsing rate 
is proportional to the ion current, and hence to the 
rate of ionization in the argon. 
The ion chamber responds with isotropic sensitivity 
to all ionizing radiation passing through the filling gas. 
This radiation consists of both primary radiation which 
can penetrate the wall and sec ondary radiation produced 
in the surroundings (which can penetrate the wall), in 
the wall, and in the filling gas. 
b. Measurelnents and Data 
I) Particular Phenomena and Characteristics to be 
Observed and Measured: The instrument detects 
protons with energy greater than 10 MeV, alphas with 
energy greater than 40 Me V, and electrons with energy 
greater than O. 5 Me V by direct penetration. Gamma 
rays and less energetic electrons are detected with an 
efficiency which varies with their energy and neutrons 
are not detected (bas ed on wall shielding of O. 2 gm/ cm2 • 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Required measurement precision, 
± 1 %; required transmis sion precision, 5%. 
c. Deployment 
1 ) Preferential Location or Type of Location on the 
Lunar Surface: None 
2) Preferential Lunar Phase: None 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: At ESS 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Handcarried from ESS for installation 
d. Supporting Experimentation 
I) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: Solar plasma 
spectrometer and magnetometer, charged particle 
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spectrometer, gamma ray detector (G-M type), and 
neutron phoswich detector - also at ESS. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment: Power source, data storage and 
transmission facilities of the ESS 
4) Time Sequence Relationship: Not Applicable 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Results 
obtained from lunar orbiting satellites should be used 
for comparison studies. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/ Work Currently Underway 
or About to Comrnence: See 6.3.1). 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Single continuous operational period for duration of 
experiment 
2) Interval Between Ope rational Pe riods: Not Applicable 
3) Total Duration of Experiment: Life of ESS 
b. Crew Requirernents and Procedures 
1 ) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standb y: None 
d) Experirnentation: None 
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2) Crew Procedures Requir e d: The astronaut will deploy 
the instrument at the ESS and activate it. 
3) Crew Skills Requir ed: The a strona ut must be trained 
in the above ope rations. 
4) Importance of Astronaut Participation: No astronaut 
participation will be required in the operation of this 
instrument. It will be d eployed at the ESS by an astro-
naut and then left undistrubed. However, site selection 
by the astronaut is important. 
5) Crew Time Per Operational Sequence: Not Applicable 
6) Number of Experiment Sequences Per Mission: Not 
Applicable 
6. APPARATUS DESCRIPTION 
a. Methods of Measurement: Radiation Dosimeter (ion-
chamber type) 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Radiation Dosimeter 
b) Size Stored: O. 001 m 3 
c) Pressurized or Unpressurized (stored): 
Pre ssurize d to 4 a tmospher e s 
d) Weight : 0.096 k g 
e) Size Operating: Sa me as b) above 
£) Pressurized or Unpressurized (operating): 
Same as c) above 
g) Frequency Spe ctrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Ac c uracy: Not Applicable 
c. Simultaneous Observations b y Sensors Other Than Those 
Specified Above Whic h Would E nhance the Experiment: A 
similar instrument sho uld be c arried on the LSSM for 
radiation dosage surve illanc e . 
d. Ancillar y Equipm e nt: Unknow n 
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e. Required Development 
1 ) 
2) 
3) 
Principal Apparatus Requiring Development: An 
ionization chamber similar to that designed for 
Rangers 7, 8, and 9 will be suitable for this intru-
ment. 
Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
Current Status of Experiment, Especially Present 
State-of-the-Art: Experiment is within state-of-
the art. 
7. INTERFACES 
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b. Instrument Orientation and Stabilization: Not critical 
c. Acces s Requirements: Mounting should as sure 2rr steradian 
unobstructed acces s to radiation. 
d. Environmental Requirements: Avoid radiation from powe r source. 
e. Power Requirements 
1) Average Power and Time Duration: 4 - 10 milliwatts, 
duration of experiment 
2) Peak Power and Time Duration: Same as 1) above 
3) Standby Power and Time Duration: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Digital output from a 9-
position decade counter. The counter reading is determined 
by the received protons, alpha particles and electrons. 
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b. Data Characteristics 
1 ) Range of Measurement: 
Minimum Count 
Maximum Count 
Resolution 
Not estimated 
1 X 10 8 particles/ sec 
Not defined 
9 bits 
The above data was estimated by using the following 
assumptions: surface area = 483 cmz ; all particles 
with energy above 30 Me V = 12, 000 particles / cmz - sec; 
protons with energy between 1 0 and 30 MeV = l. 5 X 10 5 
particles/ cmz-sec; alpha and electron particles with 
unknown energy below 30 MeV; total known particles/ sec 
::::: 1 X 108 / sec. 
2) Accuracy: 5% desired 
3) Frequency Response: C) bits/sec if 9-position decade 
counter is used and counter is read each second 
4) Output Impedance(s): Not defined 
c. Expected Data Activity: The information used to estimate 
data rate was based on data taken during solar flares. The 
normal rate will be lower than this maximum value. In 
general the data rate will be constant for given time periods; 
however, substantial variations are expected with time, such 
as caused by solar flar e s. 
d. Selective Monitoring: A combination decade-binary counter 
should be considered. A predominately binary counter should 
be used to provide good accuracy during low data activity 
intervals. The binary counter would be switched to a pre-
dominately decade counter for high data activity. 
e. Data Preprocessing: Because of the high count rate, the use 
of computational analyses should be considered to determine 
the mean count over a predetermined time interval and the 
standard deviation. This would be performed prior to data 
storage on the lunar surface. 
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9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: An earth-based data handling and analysis 
facility should be established as an integral part of the 
Apollo field exploration system. This facility is to per-
form data compilation and analysis for real-time mis sion 
support and for post-mis sion analysis. The facility will 
record all scientific data obtained during a mission . 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: GaITlITla Ray Detection (Geiger-Mueller Counter) 
2. APPLICATIONS/ TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geophysics 
Detailed Category: GaITlITla Ray Detector 
Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of ExperiITlent: Public dOITlain 
b. All Other Contacts: Unknown, [6J 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To survey the 
ionizing radiation flux at the ESS site and on the 
LSSM traverses. 
2) Significance and IITlport of Expected Results: Theories 
concerning the cosITlological processes which give rise 
to ionizing radiation ITlay be confirITled. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches R equired: The three counters 
are filled with neon and a halogen-quenching gas. Each 
counter generates a charge pulse when one or ITlore ion 
pairs are forITled in its s e nsitive voluITle. The counting 
rate is therefore approxiITlately proportional to the flux 
~ of charged particles pass ing through its sensitive voluITle. 
... 
s b. 
All three counters d etect gaITlITla rays with efficiency de-
pending upon ptoton energy; neutrons are not detected . 
MeasureITlents a nd Data 
1 ) Particular PhenoITlena a nd Characteristics to be 
Observed and Measured: Three separate counters, 
with differ ent shielding, are used. Counter 1 is 
shielded by O. 16 gITl/ CITl 2 of stainles s steel, and 
Counter 3 is shielde d by O. 113 gITl/ CITl 2 of berylliuITl. 
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Both counters detect protons of energy greater than 
10 MeV, alphas with energy greater than 40 MeV, 
and electrons with energy g r eate r than 0.5 MeV by 
dire ct penetration. Nonpenetrating e l ectrons are 
detected through the bremsstrahlung process by the 
two counters and reflect different efficiencies because 
of the different Z shielding . The counters detect 70 
keV e lectrons with the same efficiency, while Counter 1 
is more efficient at higher energies a nd Counter 3 at 
lower energies. By this means electrons will be dis-
tinguished from heavier particles. Counter 2 is an 
Anton 213 end window tube. The window is mica, 
O. 0012 gml cm 2 thick, and admits electrons with 
energies greater than 40 keV and protons with energy 
greater than 0.5 MeV. A collimator defines the solid 
angle through which particles can reach the window. 
The remainder of the tube is shielded by about 0.55 
gml c m 2 of matter, which permits protons with energy 
greater than 20 MeV and electrons greater than 1 MeV 
to penetrate. 
2) Resolution Needed to Successfully Observe th e 
Phenomena Above: Counting rates of 1 I second to 
50,0001 second expected. Data recorded at one-hour 
interva ls through the period of investigation; readout 
on command from earth . 
c. De p loyment 
I) Prefe r e ntia l L ocation or Type of Location on the 
Lunar Surface: Not Applic able 
2) Preferential Lunar Phase: Not Applicable 
3 ) Location( s) Relative to LEMI Shelter Where Experi-
ment is to be Perforrned: At ESS 
4) Method of D ep loyment of Instrumentation from LEMI 
Shelter: Not Applicable 
d. Supporting Expe rimentation 
1) Any Requirement for Support by Simultaneous Earthl 
Lunar I Space Obse rvations or Activities: None required 
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2) Any Requirement for Prerequisite Earth/ Lunar/Space 
Experimentation: None required 
3) Common Equipment: Not Applicable 
4) Time Sequence Relationship: Not Applicable 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Unknown 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: See 6. 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Data recorded at one hour intervals 
2) Interval Between Operational Periods: Same as 1) above 
3) Total Duration of Experiment: Life of ESS 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: None 
d) Experimentation: None 
2) Crew Procedures Required: The astronaut must deploy 
the instrument from the ESS and activate it. 
3) Crew Skills Required: Astronauts should be trained in 
deploying and activating G-M counters. 
4) Ilnportance of Astronaut Participation: Site selection 
assuring proper exposure requires astronaut partici-
pation. 
3. 3.8. 3 
5) Crew Time Per Operational Sequence: Unknown 
6) Number of Experiment Sequences Per Mission: 
Unknown 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Three Geiger-Mueller 
Counters 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Gamma Ray Detector 
b) Size Stored: 14.2 X 14. 2 X 5 cm (3 counters) 
c) Pressurized or Unpressurized (stored): 
Unknown 
d) Weight: 0.8 kg, 3 counters 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Unknown 
h) Resolution: Unknown 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
There is a G-M type gamma ray detector in the radioactivity 
probe which is used for lunar surface and subsurface gamma 
ray backscatte r densitometry . For the passive mode (gamma 
ray isotope source shielded) the densitOlneter gamma ray 
detector data should b e compared with that obtained by the 
gamma ray detector at the ESS. 
A second gamrna ray detector, the gamma ray spectrometer 
in the neutron gamma ray instrument (built into the radio-
activity probe), may be used also for comparing gamma ray 
data with that of the gamma ray detector at the ESS. The 
neutron gamma ray instrument would be used in the passive 
mode (no neutrons) for such comparison. 
Total radiation dosimeter (ion-chamber type), solar plasma 
spectrometer and magnetometer, charged partic Ie spec-
trometers' and neutron phoswich detector may be used. 
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d. Ancillary Equipment: Not Applicable 
e. Required Development 
l) Principal Apparatus Requiring Development: None 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Not Applicable 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Counters similar to those designed 
for Rangers 7, 8, and 9 will be used. 
7. INTERFACES 
8. 
a. Proposed Experiment Location: The gamma ray detector 
should be mounted far from the RTG power source. 
b. Instrument Orientation and Stabilization: The instrument 
will be fixed relative to the lunar surface. 
c. Access Requirements: Mounting location should assure 2TT 
steradian access to radiation without obstruction. 
d. Environmental Requirements: Unknown 
e. Power Requirements 
1) Average Power and Time Duration: 0.38 watt 
(3 counters) 
2) Peak Power and Time Duration: 0.38 watt (3 counters) 
3) Standby Power and Time Duration: Not Applicable 
SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a . Form of Data to be Collected: Digital signals from three 
binary counters 
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b. Data Characteristics 
1) Range of Measurement 
Minimum Count 
Maximum Count 
Resolution 
2) Accuracy: 5% 
1 particle / sec 
50k particles/sec 
1 particle 
1 bit 
16 bits 
1 bit 
3) Frequency Response: 16 b i ts / sec for each counter 
(three required) 
4) Output Impedance(s): Not defined 
c. Expected Data Activity: The particle count is expected to 
have large secular variations. 
d . Selective Monitoring: Unknown 
e. Data Preprocessing: The use of computational analyses 
to determine mean particle count and its standard deviation 
performed over a preselected time interval should be con-
sidered. These analyses would b e performed prior to data 
storage on the lunar surface. 
9. SUPPLEMENTARY INFORMA TION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: An earth- based data handling and analysis 
facility should be esta blished as an integral part of the 
Apollo field exploration system. This facility is to per-
form data compilation and analysis for real-time mission 
support and for post-mission analysis. The facility will 
record all scientific data obtained during a mission. 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Meteorite Flux Measurements 
2. APPLICATIONS/TECHNICAL AREA 
a . 
b. 
c. 
General Area: Geophysics 
Detailed Category: Natural Phenomena 
Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. AU Other Contacts: Unknown, [2], [6] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1 ) Specific Objective and Purpose: To count flying 
particles produced by meteoroid impacts upon the 
lunar surface. Both primaries and secondaries 
(including tertiaries, etc.) will be sensed by the 
detector, but the count of primaries is expected to 
be negligible compared to that of secondaries. 
2) Significance and Import of Expected Results: The 
detectors are intended to yield total count of primary 
and secondar y particles for the e valuation of the 
meteoroid hazard or damage problem prior to the 
arrival of the astronauts. It would be useful to per-
form a pulse-height analysis to obtain a flux-momentum 
(or energy) spectrum, but such measurement requires 
more sophisticated instrumentation and so may be 
planned for the Emplaced Scientific Station (ESS). 
3) Description of the Key Techniques and Scientific! 
... Technical Approaches Required: This simple acoustic -
type meteoroid dete ctor consists of two acoustic trans-
ducers placed in firm n1echanical contact with the 
interior LEM/ Shelter wall. These transducers will 
produce a voltage pulse when the LEM/Shelter is struck 
by a primary meteoroid or a secondary ejecta particle 
of sufficient momentum. 
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b. Measurenlents and Data 
1) Particular Phe nomena and Characte ristics to be 
Observed and M easur ed : C ount of p article impact 
2) Resolution Nee d ed to Succe ssfully Observe the 
Phenomena Above: Tr a nsmission precision, 5%; 
resolution, O. 010 s e c 
c. Deployment 
1) Prefe rential Loc ation or Type of Location on the 
Lunar Surface: None 
2) Preferential Luna r Phas e: None 
3) Location( s) R e l a tiv e to L E M/ Shelte r Where Experi-
ment is to be Performed : Two ejecta detectors are 
suggested, one for the roof of LEM/ Shelter and one 
for a side. 
4) Method of D e ployme nt of Instrumentation from LEM/ 
Shelte r: No d ep loyment is required since the detector 
is a part of the LEM/ She lte r . 
d . Supporting E x p e r i m e nta tio n 
1 ) Any R e quirement f o r Suppo r t by Sirnultaneous Earth/ 
Lunar /Spac e Obs e rvations or Activiti e s: Simultaneous 
rne t e or Jlux count s o n ear th would b e us e ful. 
2) Any R e quir e m e nt fo r P rere gu is i t e E a rth/ Lunar /Space 
Exp e rirnentation: N one re quired 
3) Common ~qllipment: P ulse-height a nalysis of the 
output from the particle d e t e ctors w o uld yield additional 
important info r nlation. C ons ideration should be given 
to using a pulse -he i g ht a n a lyzer assigned to an ESS 
experime nt w h ic h w ill not be used until the astronauts 
arrive. 
4) Tirne S e quence Re latio n s hip: This te st should precede 
arrival of astr onauts. 
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e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Tests 
similar to meteroid spectral measurements . Primary 
flux indicated by space probe meteoroid tests already 
completed. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Early Apollo plans include 
meteoroid flux studies. 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
The simple acoustic -type of meteoroid flux detector 
would operate continuously beginning as soon as pos-
sible following the succes sful lunar landing of the 
instrumented LEM/ Shelter, before the arrival of the 
astronauts, and continuing for a period of several 
months. 
2) Interval Between Operational Periods: Continuous for 
several months; counter reading sampled and reset 
periodically 
3) Total Duration of Experiment: Same as 1) above 
b. Crew Requirements and Procedures 
1 ) Estimation of Crew Time Required For: 
a) Setup: None 
b) Checkout and Calibration: None 
c) Standb y: None 
d) Experimentation: None 
2) Crew Procedures Required: None 
3) Crew Skills Required: None 
4) Importance of Astronaut Participation: Not Applicable 
3.3.9.3 
5) Crew Time Per Operational Sequence: Not Applicable 
6) Number of Experiment Sequences Per Mission: Not 
Applicable 
6. APPARATUS DESCRIPTION 
a. Propos ed Methods of Measurement: Acoustic transducers 
which actuate impulse counter; reading is sampled and 
reset each hour. 
b. Apparatus Desc ription 
1) Desc ription of Following for Component: 
a) Equipment Name: Acoust ic Ejecta Detector 
b) Size Stored: 16 cm 3, 4 X 4 Xl cm 
c) Pressurized or Unpressurized (stored): 
Unknown 
d) Weight: 0 .5 kg with electronics (2 sensors) 
e) Size Operating: 16 cm 3 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequenc y Spectrum: 50 Hz to 2000 Hz 
h) Resolution: 0.010 sec 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Simultaneous meteor counts on earth 
d. Ancillary Equipment: Data storage is required for sub-
sequent transrnission by earth comrnand. 
e. Required Development 
1) Princ ipal Apparatus Requiring Developme nt: Lunar 
adaptation of equipment on hand; means for elimination 
of rnultiple irnpulses due to one in1pact. 
2) Estimated Time Reqllired for Delivery of Flight 
Hardware Starting £rorn Experiment Development 
Go-Ahead: 4 months 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: No new concepts need development 
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7. INTERFACES 
a. Proposed Experiment Location: On LEM/ Shelter. interior 
walls 
b. Instrument Orientation and Stabilization: Shelter settling 
and heating may cause spurious sound impulses. 
c . Access Requirements : None 
d. Environmental Requirements: Must be adapted to wide 
temperature range and low pressure 
e. Power Requirements 
1) Average Power and Time Duration: 5 milliwatts con-
tinuous 
2) Peak P ower and Time Duration: Not Applicable 
3) Standby Power and Time Duration: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Digital counter reading is 
sampled every hour 
b. Data Characteristic s 
1) Range of Measurement: 
Minimum Signal 
Maximum Signal 
Resolution 
o particles counted 
512 particles counted 
1 count 
Obits 
9 bits 
1 bit 
The particles received by the detectors are counted by 
a binary counter which is sampled and reset every 
1. 0 ± 0.01 hours . 
2) Accuracy: 5% of total count 
3) Frequency Response: 9 bits/hour 
3. 3.9. 5 
4) Output Impedance(s): Counter output, 1000 ohms 
c. Expected Data Activity: Expect many hours of no impacts, 
5 counts per hour once a month, and 100 counts per hour 
twice a year. 
d. Selective Monitoring: None 
e. Data Preproces sing: None 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
l) Preflight Period: None 
2) Data Acqusition Period: Need remote activation and 
telemetering to earth 
3 ) Postflight Analysis Period: Data will be used to guide 
design of additional meteoroid flux studies. 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Meteoroid Spectral Measurement 
2. APPLICATIONS/ TECHNICAL AREA 
a . 
b . 
General Area: Geophysics 
Detailed Category: Meteoroid Momentum or Energy 
Measurement 
c . Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [2], [6] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1 ) Specific Objective and Purpose: To detect lunar 
secondary ejecta and to measure their flux, mass, 
and velocity distribution. 
2) Significance and Import of Expected Re sults: This 
experiment is proposed to conduct a more thorough 
investigation of lunar meteoroid ejecta than can be 
performed by the simple acoustic ejecta detector. 
3) 
All ejecta returning to the moon have less than the 
escape velocity of 2.38 km/sec. Particles which 
impinge upon the moon with velocities greater than 
2.38 km/ sec can be assumed to be primary mete-
oroids . An instrument which can measure velocity 
of particles incident upon the lunar surface therefore 
can differentiate between primary meteoroids and 
secondary ejecta. It should be possible to measure, 
or at least estimate, the secondaries/primaries ratio. 
D escription of the Key Techniques and Scientific/ 
Technical Approaches Required: One proposed sensor 
is an array composed of two capacitor sheets (a thin 
film, about 5000 A thick, of aluminum oxide as dielectric 
with vacuum evaporate d films of aluminum on both sides 
as conductors) separated about 10 cm, with the second 
3.3.10.1 
(or back) capacitor sheet bonded to a 0.0305 cm 
thick stainless steel plate which acts as an acoustic 
detector. The capacitor sheets are divided into an 
x-y grid so that particles which pass through the 
front and back capacitor sheet produce signals which 
~ 
determine the velocity vector (speed and direction) v. 
The lllomentum m~ of the particle is indicated by the 
impulse from the acoustic detector. These two simul-
taneously measured parameters are combined to 
deterrnine the kinetic energy of the particle. One 
square meter or more of sensor area should be pro-
vided. 
The particle trajectory through the sensor is also 
determined within angular limits determined by the 
geometry of the grid. For a proposed sensor, the 
average angular uncertainty is 4 degrees (2.5 cm 
square grid). The pulses from a 500 kHz oscillator 
are counted from the time of impact with the front 
plate until impact with the rear plate . The output of 
the acoustic sensor would be pulse-height analyzed. 
b. Measurements and Data 
l) Particular Phenomena and Characteristics to be 
Observed and Measured: Flying particle velocity, 
impact momentum, and impact repetition rate 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Continuous observation required 
with periodic accumulated data readout; capability to 
resolve direction of velocity vector within 4 degrees 
and its magnitude within 50/0; pulse-height analyzer for 
mornenLllm re solution. 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Equatorial. Polar regions provide 
only half the sky coverage. 
2) Preferential Lunar Phase: Data needed through lunar 
cycle 
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3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: At ESS 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Not Applicable 
d. Supporting Experimentation: None 
e . Experiment Continuity and Relationship to Other Efforts 
1 ) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Data 
from the ejecta spectrometer supplements that from 
the acoustic ejecta detector. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Early Apollo experiments 
include meteoroid experiments. Data from Pegasus 
and Explorer I and II indicate submarginal performance 
of this experiment due to low flux at threshold energy. 
5. OPERATIONS 
a . Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Single continuous operational period 
2) Interval Between Ope rational Periods: Not Applicable 
3) Total Duration of Experiment: Life of ESS 
b. Crew Requirelnents and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: 10 minutes 
b) Che ckout and Calibration: None 
c) Standby: None 
d) Experimentation: None 
2) Crew Procedures Required: Astronaut w ill deploy 
and activate the instrument. 
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3) Crew Skills Required: Astronauts must be instructed 
in the above operations. 
4) Importance of Astronaut Participation: Automatic 
deployment would be difficult. 
5) Crew Time Per Operational Sequence: None 
6) Number of Experiment Sequences Per Mission: Not 
Applicable 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Transit time of particle 
pas sing between sensing grids; impact momentum measure-
ments 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Meteoroid Ejecta Spectrometer 
b) Size Stored: Sensor, 25 X 6 X 7 cm; spectrometer, 
15 X 15 X 9 cm 
c) Pressurized or Unpressurized (stored): 
Unpre s surized 
d) Weight: 4 kg with electronics 
e) Size Operating: Sensor, 1 m l area, 10 cm thick-
ness 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: 4 degrees in direction of velocity 
vector. Momentum, 100 channel analyzer; 
energy, unspecified; speed, 4 decades 
i) Pointing Accuracy: 4 degrees 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Acoustic type ejecta detector 
d. Ancillary Equipment: None 
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e. Required Development 
1 ) Priricipal Apparatus Requiring Development: Ejecta 
spectrometer 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experime n t Development 
Go - Ahead: 3 months 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: An ejecta spectrometer detector 
of the type described has already been developed and 
tested. The need for a lower detection threshold is 
indicated. See 4. e . 2). 
7. INTERFACES 
a. Proposed Experiment Location: At ESS 
b. Instrument Orientation and Stabilization: Arranged with 
sensor array flat upon the lunar surface; if 2 sensors are 
used, the second should be arranged perpendicular to the 
lunar surface. 
c. Acces s Requirements: Unobstructed upward exposure to 
meteoroid and ejecta flux is required . 
d . Environmental Requirements: Thermal control required 
for solid state electronics; designed for operation in 
vacuum; must tolerate launch and landing acceleration; 
must b e protected to prevent damage or contamination until 
deployed; ele c tronic system requires some radiation 
shielding. 
e . Power Requirements 
1) Average Power and Time Duration: Less than 400 
milliwatts; several months 
2) Peak Power and Time Duration: Not Applicable 
3) Standby Po we r and Time Duration: Not Applicable 
3 .3.10.5 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: 3 bit binary coded octal words 
in azimuth and elevation registers. Velocity occurs as transit 
time for O. 1 meters measured in 2 microsecond steps covering 
4 decade s, a range of I 0 3 counts as decimal register readout. 
Momentum occurs as pulse -height measurement available as 
a 3 digit decimal register readout of 100 channels. 
b. Data Characteristics 
1 ) Range of Measurement 
Minimum Angle 
Maximum Angle 
Resolution 
Minimum Angle 
Maximum Angle 
Resolution 
Minimum Speed 
Maximum Speed 
Re solvable Transit Time 
Minimum Momentum 
Maximum Momentum 
Re solvable Momentum 
Minimum Impact Rate 
Maximum Impact Rate 
Resolution 
Physical Units 
50 elevation 
90 0 elevation 
4 0 
0 0 azimuth 
360 0 azimuth 
30 0 nominal 
50 meters / sec 
2.38 X 10 3 meters/sec 
2 X 10- 6 sec 
- 3 - 1 1. 3 X 10 gm cm sec 
1 gm cm sec- 1 
1. 3 X 10- 3 
o 
40 per hour 
1 count 
2) Accuracy: Not defined 
Electrical Units 
binary 0 
binary 16 
1 bit 
binary 0 
binary 16 
1 bit 
I 0 3 counts 
21 counts 
1 count 
1 bit 
100 (decimal) 
1 bit 
o 
40 
I count 
3) Freque ncy Response: The impact registration rate 
may exceed 10 per second. 
4) Output Impedance(s): 10000hms 
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c. Expected Data Activity: Many hours of zero reading; 
sporadic readings near 4 per hour; normal rate may in-
crease many times during meteor shower activity. 
d. Selective Monitoring: None 
e. Data Preprocessing: Data compres sion is feasible . 
SUPPLEMENTAR Y INFORMA TION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: None 
2) Data Acquisition Period: Data may be stored for 
future transmission to earth. 
3) Postflight Analy sis Period: None 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Magnetic Field Measurement 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b . 
c. 
General Area: Geophysics 
Detailed Category: Magnetic Field Recording 
Other Intere sted U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [?], [6] , [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: It is desirable to know 
whether there is a lunar magnetic field and, if so, how 
the field strength varies from lunar day to night, during 
varying solar wind activity, and magnetic storms. 
2) Significance and Import of Expected Results: Corre-
lation of fixed magnetometer readings with data · obtained 
from the solar plasma spectrometer and the portable 
magnetometer will aid in the interpretation of the latter. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The basic principles 
of operation, and a description of the laboratory proto-
type of the metastable helium magnetometer are dis-
cussed in detail by Slocum and Reilly (1963). The 
magnetic field information is obtained by disturbing 
the pumped state of the metastable helium. This is 
accomplished by controlling the direction of the 
magnetic field in the absorption cell, resulting in 
changes of transparency of the cell. 
By use of a near infrared beam generated in a helium 
lamp excited so as to produce radiation including the 
3S1 - 3 Po, 1,2 energy levels, helium gas in the absorption 
3 . 3.11.1 
cell (already excited to a metastable state) can be 
pumped with energy absorption in this same transition. 
The beam is rotary polarized before entry into the 
absorption cell which tends to align the magnetic 
moments of the helium atoms parallel to the direction 
of the light beam. Three sets of sweep coils formed 
in a triaxial fashion alongside the triaxial Helmholtz 
coils are excited with 60Hz current, which produces 
three time-varying linear magnetic fields, one of 
which is parallel to the light beam. The helium ab-
sorption cell is the chief sensing element of the mag-
netometer and is located on the axis of the triaxial 
coil arrangement. 
In agreement with the principles of the Zeeman effect, 
radiation parallel to the magnetic field undergoes 
absorption or pumping action, while no such action 
occurs if perpendicular thereto. The phenomenon is 
more properly explained on the basis of probability of 
absorption between certain energy levels with the same 
results. 
The device as recommended herein is essentially a 
null detector of an existing low amplitude magnetic 
field. With alignment of the helium atoms with electron 
orbits in a plane perpendicular to the axis (or light 
beam) of the absorption cell, the requirements for 
pumping action are met. By use of energy levels 
351 - 3 Po 1 2 of metastable helium which involve ex-, , 
trem.ely low energies, the device becomes sensitive 
to very weak magnetic fields . Thus, setup pumping 
(energy absorption) action occurs with modulation in 
amplitude of the beam falling on the photodetector 
whenever a field exists along the axis of the instrument. 
By use of a rotating magnetic sweep field (50 Hz) pro-
duced by two cross fields (90 0 in time and space) and 
by combining this rotating field with the ambient dc 
field, a signal is secured, which, properly demodu-
lated, produces an analog indication of two components 
of the dc ambient field. If now the axial sweep is com-
bined with the third triaxial sweep field, the third 
component of the total ambient field is secured. How-
ever, where continuous monitoring of the total field is 
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desired, it may be preferable to employ an instru-
ment which includes two absorption cells and 
demodulator circuits. 
Measurements and Data 
I) Particular Phenomena and Characteristics to be 
Observed and Measured: To measure the magnetic 
field strength, magnitude and direction, as a function 
of time, at a fixed site. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Should be capable of measuring 
transient fields in the range I to 200 gamma with a 
resolution of at least ± I /2 gamma throughout this 
range. 
c. Deployment 
I) Preferential Location or Type of Location on the 
Lunar Surface: Unknown 
2) Preferential Lunar Phase: Not Applicable 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: At ESS, near solar plasma 
spectrometer 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Not Applicable 
d. Supporting Experimentation 
I) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: Magnetometer 
data will be correlated with data obtained from the solar 
plasma spectrometer. Also, each reading of the porta-
ble magnetometer will be accompanied by a reading 
from the ESS instrument . 
Coordinated measurements of charged dust character-
istics and magnetic and electric fields are recommended 
(by the Particles and Fields Working Group [16]) in three 
domains: (a) on the lunar surface, (b) on an insulated 
pole some 10 meters above package a), and (c) on a lunar 
orbiter at an altitude Qf the order of 40 kilometers. 
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2) Any Requirement for Prerequisite Earth/ Lunar / 
Space Experimentation: None 
3) Common Equipment: None 
4) Time Sequence Relationship: Simultaneous 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Addtional Steps or 
Phase Required to Satisfy Overall Objective: Mag-
netometer data may be available from the Apollo 
LSEP's and from lunar orbiters . ESS units emplaced 
on subsequent missions in various locations might give 
sufficient magnetometer data to permit mapping of 
magnetic field strength on the lunar surface. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: This instrument may be 
developed for the LSEP of the Apollo Program, or for 
the lunar orbiter experiments. 
5. OPERATIONS 
a. Duty Cycle 
I) Expected Number and Duration of Operational Periods: 
Magnetometer should be capable of operating continu-
ously during both lunar day and night, sampling the 
vector magnetic field at least once per second. 
2) Interval Between Operational Periods: See 1) above. 
3) Total _Duration of Experiment : Life of ESS 
b. Crew Requirements and Procedures 
I) Estimation of Crew Time Required For: 
a) Setup: 1-1/2 hours 
b) Checkout and Calibration: O. 1 hour 
c) Standby: None 
d) Experimentation: None 
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2) Crew Procedures Required: The magnetometer must 
be deployed, activated, and checked out by an astronaut. 
3) Crew Skills Required: Astronauts must be instructed 
in the above procedures. 
4) Importance of Astronaut Participation: Site selection 
requires human judgment. Automatic deployment 
would be difficult to perform. 
5) Crew Time Per Operational Sequence: Not Applicable 
6) Number of Experiment Sequences Per Mission: One 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Magnetometer to 
operate unattended at a typical lunar site. 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Metastable Helium 
Magnetometer (See Figure 1) 
b) Size Stored: Sensor - 15 cm O. D. sphere; 
electronics - 10 X 10 X 20 cm 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: Sensor - 1. 5 kg; electronics - 2.5 kg; 
Total - 4 kg 
e) Size Operating: Same as b) above. 
f) Pressuriz ed or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum: Output bandwidth - 0-2 Hz 
(sensor is nearly instantaneous) 
h) Resolution: ± l/2 gamma 
i) Pointing Accuracy: 1.8 0 orientation of fixed 
instrument. 
c. Simultaneous Obs ervations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Solar plasma spectrometer, portable magnetometer (on 
board the LSSM) 
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d. Ancillary Equipment: Calibration check with small bar 
magnet of known moment. 
e. Required Development 
1) Principal Apparatus Requiring Development: 
Metastable Helium Magnetometer 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 24 months. 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: A similar magnetometer was used 
successfully in the Mariner IV Mars space probe. 
7 . INTERFACES 
a. Proposed Experiment Location: The fixed- site magnetometer 
is a part of the ESS complex. It should be located as near 
the solar plasma spectrometer as is consistent with the 
requirement of eliminating stray magnetic fields (~ 1/2 
gamma) and ferromagnetic materials from the sensitive 
area. It should be remote from all other objects which 
could disturb the local magnetic field. (See 4. d. 1) 
b. Instrument Orientation and Stabilization: For measurements 
of direction as well as magnitude of the magnetic field strength, 
the orientation of the sensor must be known and fixed. 
c. Access Requirements: None 
d. Environmental Requirements: Temperature operating 
range, -85°C to + 110°C (lower limit near OOK); transistors 
impose upper limit; + 150° C feasible. 
e. Power Requirements 
1 ) Average Power and Time Duration: Unknown. Life of 
ESS. 
2) Peak Power and Time Duration: 5 watts for 1 min 
3) Standby Power and Time Duration: None 
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8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Form of Data to be Collected: 3 channels of analog output 
are sampled sequentially once per second. 
b. Data Characteristics 
1) Range of Measurement: See table below. 
Maximum Signal 
Minimum Signal 
Resolution 
Physical Units 
+200 gamma 
-200 gamma 
0 . 5 gamma 
2) Accuracy: O. 13% of full scale. 
Electrical Units 
+ 1 volt 
-1 volt 
±O. 0013 volt 
3) Frequency Response: A sample rate of 1 per second 
is planned. [2] 
4) Output Impedance(s ): Unknown 
c. Expected Data Activity: Steady values of lunar magnetism 
near 10 gam.ma are expected to become erratic during 
magnetic storms with peak values of ±1 00 gamma. 
d. Selective Monitoring: Unknown 
e. Data Preprocessing: None 
9. SUPPLEMENTAR Y INFORMATION 
a. Discussion of Facilities a nd Procedures Needed for This 
Experin"lent 
] ) Preflight Period: None 
2) Data Acquisition Period: Before leaving the moon the 
astronauts may introduce a calibration signal by 
bringing a n"lagnet of known strength to a measured 
position in th e vicinity of the magnetometer . 
3) Postflight Analysis Period: Undefined 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Surface Temperature Measurement 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
General Area: Geophysics 
Detailed Category: Thermal properties of soil; lunar heat 
balance 
c. Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [2] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To extend the basis of 
heat flow studies by providing additional temperature 
readings in support of core hole measurements; to ob-
tain data in support of infrared radiation studies and 
the occurrenc e of "hot spots". 
2) Significance and Import of Expected Results: Shallow 
temperature measurements in the lunar soil are ex-
pecte d to be influenced strongly by the sun's rays and 
the albedo or reflectance of the lunar surface. For 
this reason some discrepancy among the temperature 
readings is expected. The readings are of value in 
conjunction with lunar surfac e heat radiation and ab-
sorption studies. 
The large temperature changes on the lunar surface are 
not expected at a d epth of several meters. The subsurface 
temperatures are expected to be near a mean value between 
the extremes indicated by the surface nleasurements. 
This would not be found, however, where a larg e heat 
flow is of subte rranean origin. 
3.3.12.1 
The readings will be useful in conjunction with core hole 
temperature values in the study of subsurface heat flow 
and the occurrence of 11hot spots 11 which have been lo-
cated by their infrared radiation. Local and regional 
variations in subsurface heat flow are attributed to 
compositional variations, topography, and subsurface 
structure. Regional differences in h e at flux associated 
with highland and mare areas could result from asym-
metrical distribution of deep interior material related 
to the origin of the moon. 
Additional studies of special sites would be of interest. 
The se include real or suspected volcanically active zones, 
lava flows and points of outgas sing, seismic belts or 
areas of quake activity, and of recently formed faults, 
and n"leteor craters. A comparison of heat flow values 
for polar and equatorial sites is of additional significance. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Five temperature 
sensing elements are planted in the lunar soil at depths 
of 3 cm. They are planted several meters apart within 
30 meters of the hole containing similar units for ther-
mal conductivity experiments. Hence the surface 
meaSUrelTIents are typical for the soil in the neighbor-
hood of the core hole. Remote indication of the surface 
temperature at each sensor is provided by the ESS data 
readout package. [1] Several types of sensing elements 
are suitable including the thernlOcouple, resistance, 
thermome ter, thermistor, and the quartz crystal oscil-
lator. The sensors are electrically connected by wire 
to the ESS . 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Surface t e lnperature of the 
five sensors is r ec orded each hour. The time of the 
observation is also recorded to pennit correlation of 
the temperature and the position of the sun or termi-
nator. 
2) Resolution Needed to Successfully Observe the 
Phenome na Above : An accuracy of O. SoC is sufficient. 
The temp e ratur e extrelTIeS expected are between +lSO°C 
and -lSO a C 
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c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: The sensors are located in a symmetri-
cal pattern within 30 meters of the core hole near the 
ESS. 
2) Preferential Lunar Phase: Data is recorded throughout 
the lunar cycle. No phase is preferred for initial readings. 
3) Location(s) Relative to LEM/Shelter Where Experi-
ment is to be Performed: Temperature sensors must 
be planted at the core hole. They must be north or 
south of the LEM/Shelter to avoid the shadow of the 
LEM/Shelter. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Sensor units are handcarried. Lunar Surveying 
Staff may be used to aid in planting the sensors. 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar /Space Observations or Activities: Simultaneous 
operation of core hole temperature sensors is desired. 
2) 
3) 
4) 
Any Requirement for Prerequisite Earth/ Lunar /Spac e 
Experimentation: None 
Common Equipment: Temperature sensors are probably 
of the same type as those used in the core hole experi-
ments and exposure panel tests except for the methods 
of mounting. 
Time Sequence Relationship: Thi s experiment should 
run concurrently with the core hole temperature mea-
surements. 
e. E xperiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Surface 
temperature measurements may be used to compute heat 
radiation (infrared). The computed and observed radia-
tion may then be compared. Exposure panel temperatures 
are related data. 
3.3.12.3 
In conjunction with core hole nleasu r ements , the tempera-
ture gradient may b e determined for the near surface 
lunar materials. 
Sequential and periodic data registration equipment may 
be cornmon with Meteoroid Flux and Ejecta Detectors, 
Tidal Gravim.eter, and other ESS exp eriments. 
Synoptic Imagery Experiment will relate infrared sources 
(lunar "hot spots II) to surface tempe ra ture mea surements. 
Electrical lead wires are subject to abrasion if extensive 
activity and t esting are planned for the t empe ratur e sensing 
area. 
2) Relationship of Froposed E xp e riment to Known NASA 
and Other Agency Studies /Work Currently Unde rway 
or About to Commence: The early Apollo experiments 
in heat flow will provide preliminary data and similar 
instrumentation. The results of the surface tempera-
ture measuren1.ents are of value for correlation with 
infrared data obtained by the Point Detector Imagery 
Experiment and the Lunar Environment Effects on 
Exposure Panel Experiment. 
5. OPERATIONS 
a. Duty Cycle 
I) E xpected NUDlber and Duration of Operational P e riods: 
R eading s of 10 second duration are Inade hourly over a 
period of 48 hours to yield a total of 96 operational 
periods /lunar day. 
2) Interval Between Operational Periods: Measurements 
made during sunrise and sunset. 
3) Total Duration of E xperiment : Test to continue for the 
life of the e quipment . 
b. Crew Requirements and Procedures 
1) Estinlation of Crew Tilne Requi r ed For: 
a) Setup: 1 hr 
b) Checkout and Calibration: O. 2 hr 
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c) Standby: None 
d) Experimentation: None 
2) Crew Procedures Required: Plant 5 sensors in soil at 
3 cm depth. Connect electric wire from sensors to 
ESS. Check continuity and adjust s ensi ti vity control 
for correct calibration. 
3) Crew Skills Required: None 
4) Importance of Astronaut Participation: Astronaut makes 
occasional check on equipment. Normal operation expec-
ted to be unattended many weeks. 
5) Crew Time Per Operational Sequence: Not Applicable 
6) Number of Experiment Sequences Per Mission: Not 
Applicable 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Temperature sensors 
(thermometers) are designed for small size and light weight 
to provide a minimum disturbance to the natural soil tem-
perature. The sensors must all be alike but there are 
several possible types such as thermocouple, resistance, 
or thermistor. 
b. Apparatus Description 
l) Description of Following for Component: 
a) Equipment Name: Resistance Thermometer Type 
BN 2400 
b) Size Stored: 3.2X6.4XO.l cm 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: 1 gm (all 5 units) 
e) Size Operating: Square array 42 X 42 m 
f) Pressurized or Unpressurized (operating): 
g) Frequency Sp ectrum: Not Applicable 
h) Resolution: Approximately 0.76 ohm/ oK (nonlinear) 
i) Pointing Accuracy: Not Applicable 
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c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhanc e the E xperiment: 
Core hole temperature sensors; exposure panel temperature 
d. Ancillary Equipment: None 
e. Requir e d Developrnent: All corn.ponents are cornmercially 
available. 
7. INTERFACES 
a. Proposed Experiment Location: Sensors nlust be planted 
near the core hole, near the ESS, and lo cated outside the 
shadow of all othe r equipment. 
b. Instrument Orientation and Stabilization: Not Applicable 
c. Access R e quirements: Sensors nlust be buried 3 cm deep 
to protect them from direct sun and to provide good thermal 
contact with lunar soil. 
d. Environm e ntal R e quirements: None 
e. Power R e quir e m e nts 
1) Average Power and Time Duration: Less than 4 X 10- 3 
watts for 35 operational hours over a period of 2 years 
2) Peak Powe r and Time Duration: 4 X 10- 3 watts for 
2 X 1 0 - 3 hou r s 
3) Standby Powe r and Tinle Dura tion: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a . Form of Data to be Collected : Analog voltage 0- 5 V 
b. Data Characte ristics 
1 ) Range of M easurement: 
Physical Units 
Mininlum T ernp. 
Maximum Ternp. 
R e solution 
3.3. 12.6 
_ 150 °C 
+150°C 
0.5 ° C 
Electrical Units 
2300 ohms, 0 volts 
2500 ohms, 5 volts 
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2) Accuracy: 0.1% of full scale 
3) Frequency Response: Information bandwidth, 0- O. 1 Hz 
4) Output Impedance(s ): Thermal sensing bridge impedance 
200 ohms; null detector output 1000 ohms 
c. Expected Data Activity: Maximum rate of change of values 
during hours of lunar sunrise and sunset. Full range of 
data values occurs in 28-day cycle. 
d. Selective Monitoring: None 
e. Data Preprocessing: Not defined 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: 
1) Preflight Period: None 
2) Data Acquisition Period: Data storage and transmission 
3) Postflight Analysis Period: Same as 2) above 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Lunar Environment Effects on Exposure Panel 
2. APPLICATIONS/TE CHNICAL AREA 
a. 
b. 
c. 
General Area: Geophysics 
Detailed Category: Physical Phenomena 
Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domaIn 
b. All Other Contacts: Unknown, [2], [6] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To determine the 
effects of exposure to the lunar environment on certain 
materials. Of particular interest are the environ-
mental effects on thermal control coatings or other 
materials that must maintain original surface properties 
to function properly. This is basically an engineering 
experiment concerned with degradation of surface ma-
terials by the lunar environment. 
2) Significance and I m port of Expected Results: This 
experiment will provide an opportunity to expose large 
areas of various materials to the lunar environment 
and then recover the materials for analysis of the 
damage. The results will be used in the d es ign of 
thermal coatings for satellites, manned flight vehicles 
and future lunar bases. 
Further information concerning surface d ete rioration 
during exposure on the lunar surface will be obtained 
from thermal monitoring of LEM/ Shelter temperatures 
during the dormant period and careful inspe ction of 
L EM/ Shelter surfaces by the astronauts at the initia-
tion of the manned mission. 
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3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: This experiment will 
take advantage of the situation that the LEM/ Shelter 
and LSSM will be on the lunar surface in a dormant 
mode for a period of three to six months, or longer, 
before the astronauts arrive in the LEM and the 
manned phase of the LEM/ Shelter mission is initiated. 
During this storage period certain specimens (Table 1) 
will be exposed to the lunar environment (charged particle 
radiation, electromagnetic radiation, meteoroid bombard-
ment and lunar dust, thermal extremes, and the extreme 
vacuum), and the effects of this exposure is to be ascer-
tained. The experiment will be implemented in the fol-
lowing manner. Each of two identical arrays of 2. 5-cm 
diameter specimens of thermal control coatings and 
other surfaces w ill be mounted on a thin metallic sheet 
(foil) which will be attached in intimate contact with a 
good heat sink surface on the LEM/ Shelter. One array 
will be located externally on the LEM/ Shelter and will 
face in an easterly or westerly direction. This array 
will, at least at certain times, be exposed to the total 
lunar environment. This array should not be shadowed 
by other LEM/ Shelter structural components and should 
view approximately a 1T solid angle above the lunar 
horizon. The second array will be mounted in one of the 
LEM/ Shelter equipment compartments, which will have 
protection for the specimens from all effects except the 
vacuum and thermal environment. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Temperature readings of 
the backing material (the heat sink) on which the array 
foils are mounted. These temperatures will be obtained 
from therrnocouples or thermistors attached to each heat 
sink strip. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Unknown 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: None 
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TABLE 1 
LUNAR ENVIRONMENT EXPOSURE PANEL [6J 
Surface for Optical Thermal Control Tests 
Pigmented Coatings 
Organic paints 
Vitreous enamels 
Inorganic bonded 
Conversion coating 
Unpigmented Coatings 
Organic paints 
Vitreous enamels 
Conversion coatings 
Thin Films 
Vacuum deposited 
Plated 
Conversion coatings 
Bare Metals 
Polished 
As received 
Sandblasted 
Chemically cleaned and outgassed 
Special Surfaces 
Optical components 
Solar cell covers and coatings 
Exotic the rmal control surfaces 
Solid state detectors 
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Number of 2.5 cm 
Diameter Plaques 
10 
4 
6 
4 
24 
10 
4 
6 
20 
10 
4 
6 
20 
10 
10 
10 
10 
40 
5 
5 
5 
5 
20 
5. OPERA TIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Twice per day and c ontinuously for a period of six 
hours before and after nightfall. 
2) Interval Between Operational Periods: Same as 1) above 
3) Total Duration of Experiment: Same as 1) above 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Not Applicable 
b) Checkout and Calibration: Not Applicable 
c) Standby: None 
d) Experimentation: None 
2) Crew Procedures Required: Removing (peeling away) 
the foils from the LEM/ Shelte r structure and storing 
the arrays in a typical vacuum sample container . 
3) Crew Skills Required : None 
4) Importance of Astronaut Participation: See 2) above. 
5) Crew Time Per Operational Sequence: Unknown 
6) Numb e r of Experime nt Sequences Per Mission: Not 
Applicable 
6 . APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Thermocouples or 
thermistors to monitor temperature of arrays 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipme nt Name: Lunar Environment Exposure 
P a n e l 
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b) Size Stored: 2 arrays of test plaques, each 
35 X 35 X O. 3 Cll1 (see Table l) . 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: 1 kg 
e) Size Operating: Sall1e as b) above 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrull1: Varying dc 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
c. Sill1ultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experill1ent: 
Ejecta detector (acoustic type), total radiation dosill1eter, 
and gall1ll1a ray detector 
d. Ancillary Equipll1ent: None 
e. Required Developll1ent 
1) Principal Apparatus Requiring D eve lopll1ent: The 
developll1ent problell1 associated with this experill1ent 
is to select a suitable bonding between the foil and the 
LEM/ Shelter structure (heat sink) which w ill perll1it 
easy rell10val of the foil by the astronauts and, at the 
sall1e till1e, provide a therll1ally conductive path while 
the experill1ents are in progress. 
2) Estill1ated Till1e Required for Delivery of Flight 
Hardware Starting £rOll1 Experill1ent Developll1ent 
Go-Ahead: Unknown 
3) Current Status of Experill1ent, Especially Present 
State-of-the-Art: See 1) above 
7. INTERFACES 
a . Proposed Experill1ent Location: See 4. c. 3). 
b. Instrull1ent Orientation and Stabilization: Unknown 
c. Access Requirell1ents: Full exposure to lunar environll1ent 
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d. Environmental Requirements: Sensors operate at lunar 
atmosphere pressure (vacuum); no pressure requirements. 
Must withstand launch and landing acceleration. Plaques 
must be protected from contamination during launching and 
landing operations. Control specimens should be stored in 
natural environments on earth for comparison with the lunar 
specimens returned to earth. 
e. Power Requirements 
l) Average Power and Time Duration: Less than one 
watt, 3 to 6 months 
2) Peak Power and Time Duration: Not Applicable 
3) Standby Power and Time Duration: Not Applicable 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Analog voltages, dc for 
temperature sensors 
b. Data Characteristics 
l) Range of Measurement 
Minimum Reading 
Maximum Reading 
Resolution 
2) Accuracy: 5% 
Physical Units 
11 OaK 
390 0 K 
Unknown 
Electrical Units 
3) Frequency Response: Sufficient to respond to full 
scale change in approximately ten minutes 
4) Output Impedance(s): Unknown 
c. Expected Data Activity: Temperature change very slow 
except at terminator passage 
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d. Selective Monitoring: None unless adaptive compression 
instrumentation is available 
e. Data Preprocessing: None except as shown in d. above 
9. SUPPLEMENTARY INFORMATION 
a . Discussion of Facilities and Procedures Needed for This 
Experiment 
l) Preflight Period: Control specimens should be stored 
in natural environment on earth. 
2) Data Acquisition Period: Container for return of 
specimens 
3) Postflight Analysis Period: Unknown 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Lunar Surface Heat Flow 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geophysics 
Detailed Category: Thermodynamics 
Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [16] 
4. OBJECTIVE AND SCOPE 
a. Obje ctive and Significance 
1) Specific Objective and Purpose: The object of the 
experiment is to measure the vertical component of 
the outward flow of heat from within the moon. 
2) Significance and Import of Expected Results: Heat 
flow is related to origin of earth and moon. Variation 
of heat flow values for different sites is related to 
subsurface anomalie s. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: An insulating disk 
of known conductivity is buried or placed upon the 
lunar surface so that heat from within the moon must 
pas s through it. The tempe rature difference between 
the upper and lower face of the disk is measured, and 
the rate of flow of energy per unit area is determined . 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Obse rved and Measured: The temperature s of the 
upper and lower faces of the insulating disk are 
measured. 
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2) Resolution Needed to Successfully Observe the 
Phenomena Above: The Geophysics Working Group 
reported at the Summer Conference at Woodshole in 
1965 [16] that disks with conductivities near that of 
the lunar surface material should be used. For such 
a disk, 10 cm thick, the temperature difference ex-
pected would be O. 03°K. 
c. Deployment 
1 ) Preferential Location or Type of Location on the 
Lunar Surface: In loose soil which permits burial 
and packing. A site of perpetual shade will prevent 
spurious temperature change s by sunshine. 
2) Preferential Lunar Phase: Experiment may require 
long -time stabilization, and no phase is preferred. 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Near an emplaced station 
with data storage and communication facilities. Must 
be clear of trajectory of shadow of nearby objects if 
not located in perpetual shade. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Handcarried 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: None 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment: Similar sensing elements may be 
used in core hole temperature tests or in lunar surface 
temperature tests. Some data transport equipment. 
4) Time Sequence Relationship: None 
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e . Expe riment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: This 
test may replace the surface temperature experiment 
or may operate in conjunction with it. Core hole 
temperature measurements should yie ld the same type 
of heat flow data. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Lunar temperature studies 
are a part of the early Apollo missions and of the 
Manned Lunar Orbiter missions . 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
One. Many months may be required for temperature 
stabilization. 
2) Interval Between Operational Periods: Values of 
temperature may be sampled and recorded periodically 
every few hours . 
3) Total Duration of Experiment: Until thermal stabili-
zation is attained - may be many months. 
b. Crew Requirements and Procedures 
1 ) Estimation of Crew Time Required For: 
a ) Setup: 1 hr 
b) Checkout and Calibration: O. 1 hr 
c) Standby: None 
d) Experimentation: None 
2) Crew Procedures Required: Astronauts bury disk 
and connect electrical leads between disk and em-
placed station. 
3) Crew Skills R equired: None 
3.3.14.3 
4) Importance of Astronaut Participation: Setup only 
5) Crew Tirne Per Operational Sequence: None 
6) Number of Experiment Sequences Per Mission: One 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: The heat flow is 
determined from a temperature difference measurement 
between the upper and lower faces of a disk or blanket of 
known conductivity. The test is to be performed in a 
perpetual shadow location to prevent large temperature 
disturbances due to sunshine. The disk, buried in the 
lunar surface, should have about the same conductivity as 
the soil to establish a heat flow pattern most nearly like 
that of the undisturbed soil. 
b. Apparatus Description 
I) Description of Following for Component: 
a) Equipment Name: Disk 
b) Size Stored: I meter O. D. X O. I m 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: 78 kg 
e) Size Ope rating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
2) Description of Following for Component: 
a) Equipment Name: Thermistor Sensor 
b) Size Stored: 4 sq. cm 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: O. 5 gm 
e) Size Operating : Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
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g) Frequency Spectrum: Temperature cycler, 0 - 1 Hz 
h) Resolution: 0.02°K 
i) Pointing Accuracy: Not Applicable 
Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Core hole temperatures, surface temperatures, and con-
ductivity measurements 
d. Ancillary Equipment: None 
e. Required Development: Disk of light weight material and 
known thermal conductivity about the same as dry sand 
7. INTERFACES 
8. 
a. Proposed Experiment Location: In valley of perpetual 
shade 
b. Instrument Orientation and Stabilization: After disk is 
buried the soil temperature pattern may require several 
months for stabilization. 
c. Access Requirements: Operation unattended 
d. Environmental Requirements: None 
e. Power Requirements 
1) Average Power and Time Duration: Not Applicable 
2) Peak Power and Time Duration: 0.05 watt, 0.01 hr 
3} Standby Power and Time Duration: None 
SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Two channels of analog 
output to be sampled until values are stabilized (no 
temperature drift). 
3.3.14.5 
b. Data Characteristics 
1 ) Range of Measurement 
Minimum Signal 
Maximum Signal 
Resolution 
2) Accuracy: 4% 
Physical Units 
-2000K 
-150 oK 
0.02 oK 
3) Freque ncy Response: 0 - O. 01 Hz 
Electrical Units 
o volt 
5 volts 
O. 002 volt 
4) Output Impedance(s ): 1200 ohms, sensor output; 
1000 ohm, null detector output 
c. Expected Data Activity: Two values of temperature slowly 
drift for several months. 
d. Selective Monitoring: None 
e. Data Preprocessing: Data compression techniques are 
recommended. 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: None 
2) Data Acquisition Period: None 
3) Postflight Analysis Period: None 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Geochemical Study Using a Mass Spectrometer 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geochemistry 
Detailed Category: Analysis of Gas and Volatile Solids 
Other Interested U. S . Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [2], [6], [16] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: The mass spec-
trometer will be used on the lunar surface for two 
purposes: (1) lunar gas species detection and identi-
fication and (2) the analysis of volatile solid materials. 
It may also be able to correlate atmospheric partial 
pressure measurements with the total pressure gauge 
readings. 
2) Significance and Import of Expected Results: (1) Return 
of the optimum amount of lunar sample s has first pri-
ority. The mas s spectrometer may allow the astro-
naut to differentiate between samples that look alike. 
(2) It is neces sary that the constituents of the lunar 
atmosphere be determined. (3) This investigation rna y 
also allow estimation of the organic content of soil 
samples being considered for return to earth for 
biologica l studies. (4) Used with a gas compressor 
and collimated slit, detection of gas emission at a 
distance may be possible [16]. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The quadrupole 
Inass analyzer, or mass filter, uses the ac ce leration 
of ions in a time - dependent high frequency e lectrical 
field to achieve mass s eparation. The spatial 
4 .1.1.1 
d. Environmental Requirements: Must be thermally controlled 
to protect solid state electronic components. Must be built 
to withstand spacecraft vibration and shock. Must be vaccum 
conditioned (outgassed) and carried to moon under vacuum 
seal. 
e. Power Requirements: 23 watts, operating mode, 1. 5 
minutes; 5 watts, standby mode, 5 minutes; 28 watts, 
bakeout mode, 4 hours. 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Analog 
b. Data Characteristics 
1) Range of Measurement: Bits/measurement, 240,000; 
total bits, 240, 000; bit rate, 4, 000/ sec 
2) Accuracy: See 6. b. 1 )h). 
3) Frequency Respons e: See b. l) above. 
4) Output Impedance(s): Readout mass channel as 
desired. 
c . Expected Data Activity: See b. 1) above. 
d. Selective Monitoring : Decide which sites should be 
sampled and which samples should be returned to earth. 
e . Data Preprocessing: All data will be sent to an earth-
based station unless pattern analyzer used. See 4. b. 2). 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: All detailed analysis of samples and lunar 
surface measurements should be performed on earth under 
control of LSRL [16]. 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Mineral Identification by X-Ray Diffractometer 
2. APPLICATIONS/ TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geochemistry 
Detailed Category : Mineral Identification by X-Ray 
Other Interested U. S. Agencies: U . S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown. [2], [6], [10], [16] 
4. OBJEC TIVE AND SCOPE 
a. Objective and Significance 
l) Specific Objective and Purpose: A crystalline 
structure has associated with it a diffraction pattern. 
Rocks composed of various minerals may exhibit a 
pattern representative of the various constituents. 
Phase changes due to pressure or temperature 
variations maybe determined by the changing dif-
fraction pattern. 
2) Significance and Import of Expected Results: The 
most important a ctivity of the astronaut is the 
gathering of sample s repr e sentative of the lunar 
surface for return to earth. If surface materials have 
been subjected to a high degree of impact erosion, the 
samples may appea r very nearly the same. The x-ray 
diffractometer may be the only instrument capable of 
differentiating betw een the samples and thus the only 
method of preventing the sample payload value from 
being diminished by duplication. This may also allow 
determination of phase changes that occur in lunar 
materials when subjected to the earth environment [16]. 
4. 1. 2. 1 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The x-ray dif-
fractometer proposed uses the Ka line of copper 
which is collimated by a Soller slit system which 
achieves, by geometrical arrangement, constant 
diffraction intensity with varying diffraction angle. 
The Ka x-rays impinge upon a curved holder filled 
with a powdered rock sample of lunar material. 
The specimen holder and receiver slit-gas counter 
tube assembly rotate in a precise 9-29 relationship. 
An angle 9 versus line intensity diffraction pattern 
is obtained for analysis. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The x-ray diffractometer 
employs the Debye-Scherrer method for crystalline 
powders to identify minerals in the lunar surface by 
their crystal structure, Minerals are identified by 
unique diffraction patterns if present in amount of 
five percent, or greater, by volume in the irradiated 
specimen. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Unknown 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: As many types of materials as possible 
should be sampled and tested for uniqueness. See 
sampling experiment . 
2) Preferential Lunar Phase: Not Applicable 
3) Location{s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: The instrument probably 
should be used on the lunar surface inside LEM/ 
Shelter, but could also be used directly upon the lunar 
surface . 
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4) Method of Deployment of Instrumentation from LEM/ 
Shelter: In deployment away from the LEM/Shelter 
the diffractometer will be carried by the LSSM. 
Supporting Experimentation 
l) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Visual 
description and numbering of samples, and logging of 
location where found. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: The feasibility of using the x-ray 
diffractometer on the lunar surface should be determined 
by experimenting with simulated lunar materials on 
earth. If differentiation of these materials is beyond 
the capability of the astronaut-instrument complex, 
then the experiment should be discarded. 
3) Common Equipment: Recording equipment. 
4) Time Sequence Relationship: Not Applicable 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Detailed analysis of mineral content is not to be 
determined on the lunar surface. This must be per-
formed on earth. Some samples should be tested 
both on the lunar surface and on earth to determine if 
significant phase changes occur. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: An instrument identified as 
a Speed Model has been developed for the Ranger and 
Surveyor programs [16]. 
OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
The instrument o perates automatically with sample 
4 . 1.2. 3 
loading and removal time of about five minutes per 
sample . Estimating that ten samples a day will be 
run, that one-half of them require preparation, about 
75 minutes of the astronaut's time would be used. 
2) Interval Between Operational Periods : The interval 
between operational periods depends upon the interval 
in obtaining samples. If lunar dust, fragmented 
debris, and sand-like specimens are readily available, 
no preparation is required prior to insertion into the 
instrument sample holder. Particles larger than 
sand (greater than 2 mm in size) would require 
powdering (about five minutes preparation time per 
sample). 
3) Total Duration of Experiment: If ten samples per day 
were collected for twelve days, fifteen hours would be 
the total duration of the experiment. 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: 15 minutes (estimated) 
b) Checkout and Calibration: None 
c) Standby: None 
d) Experimentation: lO-160minutes 
2) Crew Procedures Required: One minute for rock 
pulverizing and two minutes for mounting of sample. 
Set diffractometer for securing and turn operation on 
which requires 3 minutes. Examination of the x-ray 
counts requires 5 minutes. 
3) Crew Skills Required: Should be able to differentiate 
between responses of unlike samples. 
4) Importance of Astronaut Participation: Astronaut 
is required to prepare sample, place it into the 
diffractometer, and make judgment if sample is 
different from those previously selected for return 
to earth. 
5) Crew Time Per Operational Sequence: 11 minutes 
4. 1.2.4 
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6) Number of Experiment Sequences Per Mission: As 
many as permitted by time allocated for each 
astronaut 
APPARA TUS DESCRIPTION 
a. Proposed Methods of Measurement: X-Ray 
b. Apparatus Description 
I) Description of Following for Component: 
a) Equipment Name: X-Ray Diffractometer 
b) Size Stored: 3 components - 25 X 25 X 10 cm 
(6250 cm 3 ), 8 X 8 X 12 cm (768 cm 3 ), 25 X 25 X 10 cm 
(6250 cm 3 ). 
c) Pressurized or Unpressurized (stored): Unknown 
d) Weight: 10 kg 
e) Size Operating: Same as b) above. 
f) Pressurized or Unpressurized (operating): 
LEM/ Shelter pressure is satisfactory. No require-
ment for vacuum sealed x-ray tube. 
g) Frequency Spectrum: Unknown 
h) Resolution: O. 05 0 in 83 0 sweep 
i) Pointing Accuracy: I % or better 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
None 
d. Ancillary Equipment: A device for powdering the rock 
samples must be provided. 
e. Required Development: The x-ray diffractometer has been 
developed and tested for the Ranger and Surveyor programs. 
Some modification that would relate operation of the instru-
ment to astronaut use may be desirable. A scintillation 
detector (crystal and photomultiplier tube) and pulse-height 
analyzer may yield more reliable and more quantitative 
data. The use of fast back- reflection Lane diffraction 
using the Flourex-Axtracon image intensification system 
for TV presentation or motion picture photography should 
be considered. 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Gas Chromatography 
2. APPLICATIONS/ TECHNICAL AREA 
a. General Area : Geochemistry 
b. Detailed Category: Mineral- Chemical Composition and 
Structure 
c. Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts : Unknown, [6], [16], [17] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To identify heavy 
organic compounds that may constitute traces of a 
former lunar atmosphere at the lunar surface; to 
identify organic compounds associated with terrestrial 
biological systems, and which may be in the lunar soil; 
to detect and analyze gases from volcanic fumaroles on 
the lunar surfa ce. 
2) Significanc e and Import of Expected Results: It will 
perform rapid localized analysis of gases; and measure 
the composition and pressure of the lunar atmosphere 
and the gas e s emanating from beneath the lunar surface. 
This will b e beneficial in determining the origin of the 
moon, espe cially if heavy hydrocarbons are found to be 
present. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Chromatography is 
a method of physical separation in which the compo-
nents to b e s e parate d are differentially distributed 
between t w o phases: a stationary bed and a mobile 
fluid. In the c as e of gas chromatography, the packed 
column a cts a s the sta tionary bed and the carrie r gas 
a c ts a s the mobile fluid. The g aseous c omponents of 
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the sample are distributed according to their affinity 
for column packing and flow out of the column at dif-
ferent times, in inverse order to this affinity. Re-
tention time in the column is the basis for qualitative 
identification of the components. 
b. Measurements and Data 
I) Particular Phenomena and Characteristics to be 
Observed and Measured: Measurements will be taken 
at actual sightings of gaseous emissions and where 
mineral deposits are present. If a gas is not present, 
a sample will be heated until a gas is formed. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: 3 X I 0- 10 gram-mole. 
c. Deployment 
1) Preferential Location or Type of Location on Lunar 
Surface : Not Applicable 
2) Preferential Lunar Phase : Variability from day to 
night should be te sted. 
3) Location{s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Away from LEM/ Shelter 
contaminated area. At stopping points of the LSSM 
during a traverse . 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Should be attached to the LSSM. 
d . Supporting Experimentation 
1) Any R equir ement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities : May be used 
to advantage in combination with mass spectrometer 
to eliminate ambiguities, or with compressor to col-
lect sample. [16], [17] 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Checkout of instrument in tenuous 
atmosphere aboard Earth Orbiter is desirable. 
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3) Common Equipment: Magnetic Tape Recorder and 
Power Supply 
4) Time Sequence Relationship: Not Applicable 
e. Experiment Continuity and Relationship to Other Efforts 
I) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Correlation of measurements of gaseous emission 
with thermal and particle emissions may help to 
determine if source is volcanism or impact volatili-
zation. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Surveyor Gas Chromato-
graph, [17] 
5. OPERATIONS 
a. Duty Cycle 
I) Expected Number and Duration of Operational Periods: 
Required time for each analysis is 2 minutes to 2 hours. 
The time is dependent upon the availability of a gaseous 
sample and the type of gas. The travel time of the 
carrier gas through the column is dependent upon the 
impurities of the gas injected into the system. 
2) Interval Between Operational Periods: A few minutes 
would be required between samples to regenerate the 
columns and evacuate the system in preparation for the 
next samples. 
3) Total Duration of Experiment: The carrier gas is 
expendable; therefore, the number of separate experi-
ments that can be performed is limited by the total 
amount of gas available, the amount required by each 
experiment, and the total time available for the experi-
ment. One design is sufficient for 70 hours of operation. 
Releasing of the sample gas and the carrier gas, when 
purging the system, upon the lunar surface should not 
cause any problems. 
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b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a. Setup: Instrument would probably be set up 
semipermanently or permanently. 
b. Checkout and Calibration: None. Checkout 
performed under simulated conditions on earth. 
c. Standby: None 
d. Experimentation: Maximum of two hours. 
2) Crew Procedures Required: If simple controls of the 
type found in terrestrial laboratories were used, the 
astronaut would be required to actuate controls to 
select a column, to evacuate the column, purge it 
with carrier gas, and finally start the column heating. 
This would require about two minutes. He would then 
fill a capsule (the oven) with a sample, then actuate 
a control to seal the oven, and another to start oven 
heating. After about 10 minutes, he would activate 
detector and recorder electronics, and actuate con-
trols ; first, to start carrier gas flow, and second, 
to inject gaseous contents of the oven into the carrier 
gas inflow to the column. This process can be auto-
mated. 
3) Crew Skills Required: Complete operational pro -
cedures are vital. This includes procuring the 
sample, regulating the carrier gas, heating the 
sample, injecting it into the chromatograph, and 
ope rating the recording device. It is also necessary 
for the crew member to know what to look for when 
procuring the gas es and what to do when mineral 
deposits are available rather than a gas. 
4) Importance of Astronaut Participation: Without the 
participation of a crew member the experiment would 
be useless . As mentioned above, he is necessary for 
partial ope ration of the chromatograph. He is also 
needed to select the sites to be sampled and to deter-
mine if certain san'lples need to be rerun or if the 
recorder is functioning properly, etc. 
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5) Crew Time Per Operational Sequence: The operational 
procedures and adjustments required for analysis will 
depend upon the configuration of the instrument and the 
degree of automation built into it. 
6) Number of Experiment Sequences Per Mission: 
See 5. b. 3). 
APPARA TUS DESCRIPTION 
a. Proposed Methods of Measurement: The Surveyor Gas 
Chromatograph employs detectors which are glow-discharge 
type devic es, electrically similar to a gas -filled voltage 
regulator tube. This detector makes use of the principle 
that under a fixed set of conditions a given gas has a specific 
breakdown voltage. Contaminants in the helium carrier gas 
are detected by the variation caused in breakdown voltage. 
The detector, subject to limitations in column capability, 
is reported as satisfactorily detecting the specified mini-
-10 1 mum of 3 X lO gram-mo e. 
b. Apparatus Description 
l) Description of Following for Component: 
a) Equipment Name: Gas Chromatograph 
b) Size Stored: 20 X 20 X 25 cm (10 3 cm Z), a 13.7 cm 
diameter sphere is included as the carrier for gas 
storage at 2200 psi. 
c) Pressurized or Unpressurized (stored): Unknown 
d) Weight: 6.3 kg excluding power supply 
e) Size Operating: Same as b) above. 
f) Pressurized or Unpressurized (operating): 
Unknown 
g) Frequency Spectrum: Unknown 
h) Resolution: Unknown 
i) Pointing Accuracy: Sensitivity, ±20/0 for gas; 5% 
for low boiling liquids; 15% for degraded sub-
stances . 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the E xpe riment: 
Mas s Spectrometer 
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d. Ancillary Equipment 
1) Equipment Name: 13. 7 cm diameter tank for gas 
storage and means for injecting gas into the carrier 
gas inflow column. 
2) Equipment Size Stored: See l) above. 
3) Electrical Characteristic s: None 
4) Weight: Unknown 
e. Required Development 
l) Principal Apparatus Requiring Development: The 
Surveyor Gas Chromatograph meets the requirements 
for an instrument to be used under lunar conditions, 
and is considered to represent the state-of-the-art in 
gas chromatograph development. It would be usable in 
its present state of development as an instrument for 
manned lunar scientific analysis, with the provision 
that complete automatic operation would not be neces-
sary. 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: The Surveyor Gas Chromatograph 
Prototype, Model P-2, is considered usable after 
substitution of manual controls for automatic. A more 
complex instrument, for instance, one providing addi-
tional build-in columns for heavier molecules, should 
be fully reliable with manual operation. 
7. INTERFACES 
a. Proposed Experiment Location: Must not be used where 
contaminant gases have been released. 
b. Instrument Orie ntation and Stabili za tion: Not Applicable 
c. Access Requirements: Unknown 
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d. Environmental Requirements: Can tolerate -185° to +125°C 
and operate at _50° to +125°C; passive control to give maxi-
mum isothermal temperature below column operating tem -
perature of 105 ° C . 
e. Power Requirements: Maximum 28 volts dc 30 watts, 
heating; 10 watts, electronics; 24 watts -hours for 100 
minute operation. 
SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Form of Data to be Collected: Analog; pulse-height and 
pulse-duration outputs for amplitude (breakdown voltage) 
and response time measurements. 
b. Data Characteristics 
1 ) Range of Measurement: Dynamic range of 104 • 
2) Accuracy: Unknown 
3) Frequency Response: Unknown 
4) Output Impedance( s ): Unknown 
c. Expected Data Activity: Dynamic range of output, 104 • 
d. Selective Monitoring: Unknown 
e. Data Preprocessing: Unknown 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment: Data from this experiment will be analyzed 
on ear th . 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Geochemic al Study Using a Petrographic Microscope 
2. APPLICA TIONS/ TECHNICAL AREA 
a. 
b • 
c. 
General Area: Geochemistry 
Detailed Category: Petrologic Investigation 
Other Interested U. S. Agencies : U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Northrop Space Laboratories and 
North American Aviation, Inc. [16] 
4 . OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: Rock sample exami-
nation: obse rvation of the textural re lation of the rock 
forming minerals and identification of individual 
mineral grains. 
2) Significance and Import of Expected Results: An 
astronaut can measure and study the size, shape, 
and surface texture of rock sample component gr a ins; 
study textures and structures as seen in thin se c tions; 
and ide ntify t he mine rals by their optical prope rtie s. 
Prope rtie s whic h will b e found are: index of refrac tion, 
crystallographic orientation of the direction of vibrati on 
that corresponds to the indices of refraction, the a mount 
of absorption of light vibrating in these directions, bi-
refring ence, optic sign, optic axis angle, dispersion, 
a nd extinction angles. 
A r e latively large number of samples may be examined 
and compared. Duplicate material may thus be readily 
r e j ec ted, and a collection of specimens can be reduced 
to a rnore meaningful series of sam.ples. The selecte d 
s am ple s must be p ackaged for return to e ar t h for a w id e 
va riety of g e ological, chemic al, and physical property 
me a s ur ements. 
4. 1 . 4. I 
The difficulties anticipated in preparing thin sections 
will probably reduce usage to observation of powdered 
grains. An x-ray diffractollleter lllay provide better 
diagnostics so this experilllent should be considered as 
an alternate for Mineral Identification by X-Ray 
Diffractollleter Experilllent. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Exalllination under 
a petrographic lllicroscope of a rock salllple in five 
different indices of refraction oils; salllple which has 
been cut and polished, thin sectioned, or crushed. 
b. Measurelllents and Data 
I) Particular Phenolllena and Characteristics to be 
Observed and Measured: Index of refraction, crystal-
lographic orientation of the direction of vibration that 
corresponds to the indices of refraction, and the alllount 
of absorption of light vibrating in thes e directions . 
2) Resolution Needed to Successfully Observe the 
Phenolllena Above: lOx - 40x objective for the eyepiece. 
c. DeploYlllent 
I) Preferential Location or Type of Location on the Lunar 
Surface: Not Applicable 
2) Preferential Lunar Phase: Not Applicable 
3) Location{s) Relative to LEM/ Shelter Where Experilllent 
is to be Perforllled: It will be placed in the LEM/ Shelter. 
It should be portable or at eye level when an astronaut 
is in a sitting position. 
4) Method of Deploylllent of Instrulllentation frOlll LEM/ 
Shelter: Not Applicable 
d. Supporting Experilllentation 
1 ) Any Requirelllent for Support by Silllultaneous Earth/ 
Lunar / Space Observations or Activities: Unknown 
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2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Rock sample collection by astronaut 
and core hole drilling. 
3) Common Equipment: None 
4) Time Sequence Relationship: The time available 
between other operations will be used to proceed on 
this experiment. 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: This 
is a diagnostic experiment used only to optimize the 
samples returned to earth. All detailed analysis will 
be performed on earth. 
2) Relationship of Proposed Experimen,t to Known NASA 
and Other Agency Studies / Work Currently Underway 
or About to Commence: Unknown 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Will depend upon the time allocated and the availability 
of samples. 
2) Interval Between Operational Periods: Not Applicable 
3) Total Duration of Experiment: 30 minutes is required 
for the astronaut to describe one sample. This does 
not include the 15 minutes for sample preparation. 
b. Crew Require ments and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: One minute maximum 
b) Checkout and Calibration: One minute maximum 
c ) Standby: None 
d) Experimentation: 1 hour / sample maximum 
4. 1.4.3 
2) Crew Procedure s Required: The following are 
acceptable methods of sample preparation. One 
surface of the rock sample may be cut and polished, 
a thin section may be cut, or the sample may be 
crushed. The latter is less time consuming, easier 
to prepare, and requires little accessory equipment; 
therefore, the astronaut's procedures will be centered 
around it. 
The astronaut will first crush the sample, by using a 
mortar and pestle, to grains of one millimeter in 
diameter or less, but no less than 62 microns in 
diameter. If he desires a temporary slide, he will 
place a drop of alcohol on the glass slide and sprinkle 
a few grains of the crushed sample onto the alcohol. 
When the alcohol dries, the grains adhere to the slide. 
Then one of the indices of refraction oils is placed on 
the grains and the sample is ready to study under the 
microscope. 
The only difference in a permanent slide mounting is 
the use of lakeside or aroclor cement instead of alcohol. 
3) Crew Skills Required: Petrographic analyses require 
considerable astronaut training. In addition to a foun-
dation in mineralogy and petrology, an astronaut should 
have about six months training in optical mineralogy, 
crystallography, and petrography. 
4) Importance of Astronaut Participation: The astronaut's 
participation is essential for this experiment. 
5) Crew Time Per Operational Sequence: Approximately 
45 minutes per sample. 
6) Number of Experiment Sequences Per Mission: 14 or 
more, depending upon allocation of time. 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Petrographic Microscope 
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b. Apparatus Description: See table below [3]. 
Hammer, mortar, pe stle for 
Weight 
(kg) (lb) 
powdering rock pieces O. 5 I 
Glass microscope slides and 
cover slips 
A set of immersion index 
liquids, range, n = 1.45 -
1. 80 
Petrographic mic roscope and 
accessories 
Optical determinative tables 
for minerals 
TOTAL 
0.5 
1.5 
4.5 
1.0 
8.0 
1 
3 
10 
2 
17 
Power 
(watts) 
5 
5 
VolUlne 
(cm 3 ) 
? 
? 
? 
675 
? 
NOTE: All equipment is unpressurized during storage 
and operation. 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
X-Ray Diffractometer 
d. Ancillary Equipment: None 
e. Required Development: Several units are available "off-
the-shelf" and can be utilized without modification in the 
unit itself, but with proper packing. Method of preparing 
samples and techniques for reducing observations required 
to differentiate samples should be developed. 
INTERFACES 
a. Proposed Experiment Location: The petrographic micro-
scope should be mounted in the LEM/ Shelter laboratory 
work area on a work surface at desk level height so that 
the astronaut can make observations in a seated position. 
4. 1.4.5 
The microscope will require a work surface area approxi-
mately 30 X 50 cm which would allow mounting the illumi-
nating light behind the microscope and provide room for 
prepared mineral or rock specimens on either side of the 
microscope . 
b. Instrument Orientation and Stabilization: See a. above. 
c. Access Requirements: Flat working surface within LEM/ 
Shelter 
d . Environmental Requirements: Environment of LEM/ Shelter 
e. Power Requirements: 5 watts for microscope light source 
8 . SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a . Form of Data to be Collected: Astronaut notes or verbal 
description of visual display. 
b. Data Characteristics: Not Applicable 
c. Expected Data Activity: Unknown 
d. Selective Monitoring: Experiment purpose is to selectively 
monitor samples gathered for return to earth. 
e. Data Preprocessing: Data will be processed only to extent 
necessary to differentiate samples. 
9 . SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment : Detailed analysis of all samples will be 
performed on earth. 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Hydrogen Lyman-Alpha Measurement 
2. APPLICATIONS/ TECHNICAL AREA 
a. 
b. 
c. 
General Area: Geochemistry 
Detailed Category: Hydrogen Detection 
Other Interested U. S. Agencies: Unknown, [6] 
3 . SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [6] 
4 . OBJECTIVE AND SCOPE 
a. Objective and Significance 
1 ) Specific Objective and Purpose: This instrument will 
be used to detect and measure hydrogen in the lunar 
atmosphere by measurement of the Lyman-alpha radi -
ation (1216 .A) occuring as scattered sunlight or emitted 
by the lunar atmosphere. 
2) Significance and Import of Expected Results: Infor-
mation concerning the composition of the lunar atmos-
phere can be obtained and the presence of water may be 
inferred. There are various other techniques, such as 
mass spectrometry and gas chromatography which can 
be used for the same purpose, but the sensitivity of 
these instruments may not be sufficient for the low 
pres sure s expected on the lunar surface. 
3 ) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: It is proposed that a 
hydrogen Lyman-alpha spectrometer be used to study 
the hydrogen and water vapor constituents by viewing 
the lunar atmosphere near the lunar surface . This 
could be done by directing the LyITlan-alpha spectrometer 
toward the lunar horizon in a horizontal plane just above 
the solid lunar surface and observing scattered and 
eITlitted hydrogen Lyman-alpha radiation produced by 
incoming solar radiation. 
4 . 2. I. I 
In order to analyze Lyman-alpha radiation scattered 
or emitted by the lunar atmosphere, it is necessary 
to know the Lyman-alpha intensity incident from the 
sun. This intensity would be measured by viewing the 
sun directly (changing the gain of the detector to obtain 
an on-scale response) . The hydrogen Lyman-alpha 
radiation scattered and emitted by the lunar atmosphere 
then would be measured by directing the spectrometer 
hor i zontally in a plane at right angles to the plane of the 
ecliptic. 
b. Measureme nts and Data 
l) Particular Phenomena and Characteristics to be 
Observed and Measured: It has been generally esti-
mated that the pressure of the gases close to the lunar 
surface is in the range of 1 0- 10 to 1 0- 13 torr. Gold has 
suggested that the high-energy protons from the solar 
wind, when absorbed by the lunar surface, will be 
emitted as neutral hydrogen gas at the temperature of 
the point of emission. Since the thermal speed of these 
atoms is considerably smaller than the incident speed 
of protons, the density will be correspondingly greater, 
perhaps producing a m e asurable lunar atmosphere of 
cool hydrogen. In addition to hydrogen, which may 
constitute an important component of the lunar atmos-
phere, traces of water vapor, sulphur dioxide, and 
carbon dioxide may also be found. Argon formed from 
the decay of K 40 also maybe an important constituent. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: 3 X l 0- 5 ergs sec- 1 cm- 2 ster.- 1 
c. Deployment 
l) Preferential Location or Type of Location on the 
Lunar Surface: Unobstructed view of sky and flat 
level terrain. 
2) Preferential Lunar Phase: Observations needed near 
noon, and sunrise or sunset. 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: At ESS 
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4) Method of Deployment of Instrumentation from LLM/ 
Shelter: Deployed with ESS 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activitie s: None 
2) Any Requirement for Prerequisite Earth/ Lunar/Space 
Experimentation: None 
3) Common Equipment: Data handling by ESS 
4) Time Sequence Relationship: Unknown 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective : Mass 
spectrometry and gas chromatography provide similar 
or additional information. 
2) Relationship of Proposed Experiment to Known NASA 
or Other Agency Studies/Work Currently Underway 
or About to Commence: Lunar atmosphere studies 
are a part of the early lunar orbiter program, and 
early Apollo project. 
5. OPERATIONS 
a. Duty Cycle 
I) Expected Number and Duration of Operational Periods: 
Continuous operational period during astronaut stay; 
readout during solar flare and twice daily. 
2) Interval Between Operational Periods: Not Applicable 
3) Total Duration of Experiment: For life of ESS, 2 years 
4.2 . 1.3 
b. Crew Requirerrlents and Procedures 
1) Estirrlation of Crew Tirrle Required For: 
a) Setup: 1 hour 
b) Checkout and Calibration: Unknown 
c) Standby: None 
d) Experirrlentation: Recorder unattended 
2) Crew Procedures Required: Mount and align the instru-
rrlent with the solar plasrrla spectrorrleter. Other pro-
cedures undefined. 
3) Crew Skills Required: Instruction in deploying the 
instrurrlent; other skills undefined . 
4) Irrlportance of Astronaut Participation: Autorrlatic 
deploYrrlent would be difficult. 
5) Crew Tirrle Per Operational Sequence: Estirrlated 
1 hour for setup. 
6) NUrrlber of Experirrlent Sequences Per Mission: One 
6. APPARATUS DESCRIPTION 
a. Propos ed Methods of Measurerrlent: Hydrogen LYrrlan-
Alpha D e tector (ionization charrlber with UV filter) Ultra-
Violet Reflector 
b. Apparatus Description 
I) Description of Following for COrrlponent: 
a) Equiprrlent Narrle: Hydrogen LYrrlan-Alpha 
Detector 
b) Size Stored: Unknown 
c) Pressurized or Unpressurized (stored): 
Unpressuri ze d 
d) Weight: 3 kg (estirrlated) 
e) Size Operating: 1 rrleter dia. folding alurrlinurrl 
foil rrlirror, 37. 5 Crrl focal length 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
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g) Frequency Spectrum: Not Applicable 
h) Resolution: Dynamic range, 3 X 10- 5 to 0 . 45 ergs 
sec- I cm- z ster- I ; wavelength, 1050 to 1350A 
i) Pointing Accuracy: ±2° elevation 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Undefined 
d . Ancillary Equipment: A separate mechanical drive mecha -
nism may be required to effect the 90 0 shift in orientation 
required for calibration. A calibrated light source is 
needed. 
e. Required Development 
I) Principal Apparatus Requiring Development: Lyman-
alpha detector adapted to lunar environment 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Pre sent 
State-of-the-Art: The detector and optical system 
are within the state-of-the-art and can be built for 
space flights. 
7. INTERFACES 
a. Proposed Experirnent Location: At ESS 
b. 
c. 
Instrument Orientation and Stabilization: Parabolic mirror 
tracks sun (mount and align with the solar plasma spec -
trorneter sensor which tracks sun) and has provision for 
horizontal viewing in a plane perpendicular to the solar 
ecliptic plane. 
Acce s s Requirements: Unobstructed exposure to lunar 
atrnosphere near horizon and to sun is required. 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Total Gas-Pressure Measurement 
2. APPLICATIONS/TECHNICAL AREA 
a . 
b . 
c. 
General Area: Geochemistry 
Detailed Category: Total Atmospheric Pressure 
Other Interested U. So Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [6J, [16J 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: To measure the total 
pressure of the lunar atmosphere . 
2) Significance and Import of Expected Re sults: The 
study of the physics of the lunar atmosphere is of 
interest; however, of greater importance is the use 
3) 
of such data to interpret geological surveys. Many 
mechanisms have been postulated which could cause 
eluission and some accretion of gases. The measure-
ment of total mass and species concentration of these 
gases may make possible the determination of which 
mechanisms are in operation. 
Description of Key Techniques and Scientific/ 
Technical Approaches Required: The "Redhead" 
pressure gauge is also known as an inverted mag-
netron pressure gauge. The anode is a wire coaxial 
with a cylindrical cathode. A magnetic field parallel 
to the axis of the cylinder is impos ed on the region 
inside the cathode. The magnetic field traps the 
ionizing electrons in the grid-accelerator-ion collector 
region and so inc reases the probability of an impact 
with an atom of the gas. Ions which are produced by 
4.2.2. 1 
electron impact are collected on the cathode and meas-
ured with an electrometer type detector. A cold, field-
emission cathode is used. Pressures of the order of 
0- 11 / 2 ( - 13 . 1 ) 1 newtons meter lO torr, approXlmate y, or 
smaller have been measured with the gauge. At pres-
sures expected on the lunar surface, cathode current 
is not directly proportional to total pressure. Partial 
pressure measurements to determine relative concen-
trations are necessary for interpreting the total pres-
sure measurements. 
b . Measurements and Data 
l) Particular Phenomena and Characteristics to be 
Observed and Measured: Ambient pressure will be 
measured as a function of time and place. Pressure 
changes in the lunar atmosphere associated with 
transition from lunar day to night will be detected. 
Pressure changes due to the proton wind such as the 
driving of gas from the sunlit to the dark side of the 
moon will be measured. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Unknown. The expected change in 
total pressure at terminator passage, and due to vol-
canism or impact volatilization should be determined 
to define this requirement. 
c. Deployment 
1 ) Preferential Location or Type of Location on Lunar 
Surface: Various, especially in locations suspected 
of gaseous emission. 
2) Preferential Lunar Phase: Variations from day to 
night are to be measured. 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: At ESS sites and stopping 
points for LSSM. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: LSSM 
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d. Supporting Experimentation 
1 ) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Partial gas 
pressures should be measured simultaneously. At 
ESS sites, particle flux densities and meteoroid impact 
detectors should measure simultaneously . 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: The techniques required to calibrate 
total pressure gages in a very tenuous medium should 
be developed, possibly during earth orbital missions. 
The effect of cold cathode pumping on the measure-
ment should be evaluated. 
3) Common Equipment: Recording equipment 
4) Time Sequence Relationship: Not Applicable 
e. Experiment Continuity and Relationship to Othe r Efforts 
1) Relationship of This Experiment to Additional Steps 
2) 
or Phase Required to Satisfy Overall Objective: Total 
pressure measurements from the lunar surface should 
be correlated with surface partial pressure measure -
ments and with above surface total and partial pressures 
from lunar orbiter and/ or descent stages for construction 
of a lunar atmosphere profile. The surface measure-
ments should also be correlated with surface and sub-
surface geological studies for determination of possible 
mechanism of gaseous emission. 
Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
o r About to Commence: These measurements have been 
proposed for early Apollo missions as well as the later 
manned lunar surface mis sions to determine the effects 
of contamination by the LEM descent vehicles. 
4.2.2.3 
5 . OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
For ESS site, measurements at least once per hour 
with readout at least twice each day. Every 15 minutes 
during solar flares and for a period of 6 hours before 
and after lunar nightfall. Measurements at various 
stopping points of LSSM traverse. 
2) Interval Between Operational Periods: Variable, 
continuous to twelve hours . 
3) Total Duration of Experiment : Life of ESS (two years) 
and/ or duration of manned mission. 
b. Crew Requirements and Procedures 
1 ) Estimation of Crew Time Required For: 
a) Setup : Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: Unknown 
d) Experimentation: Unknown 
2) Crew Procedures Required: The instrument will be 
placed in operation at the ESS by the astronaut and will 
be operated at stopping points of the LSSM. 
3) Cre w Skills Required: Astronauts must be trained in 
activating and pos sibly calibrating the gauge. 
4) Importance of Astronaut Participation: Site selection 
requi res human judgment. 
5) Crew Time Per Operational Sequence: None for ESS . 
Unknown for traverse experiments. 
6) Numb e r of Experiment Sequences Per Mission: 
Unknown 
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6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Pressure Gauge 
(redhead or other cold cathode type) 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Redhead Pressure Gauge 
b) Size Stored: 25 X 5 X 5 cm (estimated) 
c) Pressurized or Unpressurized (stored): 
Sealed in vacuum 
d) Weight: 1 kg (estimated) 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: dc 
h) Resolution: Unknown 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Observations will be made with a mas s spectrometer, 
charged dust spectrometer, and solar plasma spectrometer. 
d. Ancillary Equipment : Not defined 
e. Required Development 
1) Principal Apparatus Requiring Development: Flight 
checked cold cathode pressure gauge 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the -Art: Modification of available hardware 
4.2.2 . 5 
7. INTERFACES 
a. Proposed Experiment Location: At ESS. near mass 
spectrometer. Care must be taken to minimize detection 
of gas evolution from unnatural outgassing sources. At 
various stopping points along LSSM traverse. 
b . Instrument Orientation and Stabilization: Not defined 
c. Access Requirements: Exposure to lunar atmosphere 
required 
d. Environmental Requirements: Thermal control for solid 
state electronic s required. Magnetic field; small fields 
can be tolerated. Pressure; designed for vacuum operation. 
Must withstand launch and landing accelerations. Local 
shielding against ionizing radiation required. 
e. Power Requirements 
l) Average Power and Time Duration: 6 watts 
2) Peak Power and Time Duration: Not defined 
3) Standby Power and Time Duration: Not defined 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Analog voltage 
b. Data Characteristics 
l) Range of Measurement: 1 0- 8 - 1 0- 14 torr 
2) Accuracy: Unknown 
3) Frequency Response: Unknown 
4) Output Impedance(s): Unknown 
c. Expected Data Activity: Unknown 
4.2.2.6 
t 
, -.. 9. 
<I 
,. 
,Jo 
d. Selective Monitoring: If visual readout is available, 
astronaut may select only significant changes in measure -
ment for transmission to earth. 
e. Data Preprocessing: Not amenable to lunar surface data 
reduction 
SUPPLEMENTAR Y INFORMA TION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: Not defined 
2) Data Acquisition Period: Not defined 
3) Postflight Analysis Period: Earth-based facility for 
correlation of various measurements and analysis of 
results. 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Radio Astronomy at Millimeter Wavelengths - Planetary 
Observations 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
c. 
General Area: Astronomy 
Detailed Category: Planetary Radiation at Millimeter 
Wavelengths 
Other Interested U. S. Agencies : National Science Founda-
tion, National Radio Astronomy Observatory, NASA- Goddard 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: North American Aviation, Inc., [13]; 
Brown Engineering Company, Inc. 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: Millimeter wavelength 
measurernents of Mercury' s apparent disk temperature 
and its dependence on the planetocentric angle are crucial 
for determining the structure of the planet and its ahuos-
phe re. 
On the planet Venus, measurements of the apparent 
disk tempe rature are needed to determine more accu-
rately the sp ectrUlu of the unexpectedly high radio 
e mission. 
Furthermore, daily time variations of the disk tem.-
peratur e have been reported at 9.6 centimeters, but 
these have not been confirn1ed by subsequent observa-
tions. Neverthele s s, the radiation from Venus should 
be monitored for possible time variations. Only a 
slight variation of the disk temperature with the phase 
of the solar illumination has been detected at centi-
lueter and decimeter wave l eng ths , but there is an 
indication that the phas e va riation is more pronounc e d 
at shorter wavelengths . C e rtainly this effec t should be 
checked measuring th e ITlillimetric disk t emp e ratur e at 
various times throughout a Venusian year. 
5.1.1.1 
MilliITleter wavelength observations of the earth would 
provide inforITlation about the water vapor content and 
cloud structure of the atITlosphere. This would be 
expected to change both daily and seasonally. Because 
of the proxiITli ty of the earth, a brightnes s distribution 
could be obtained. 
It is possible that ITlilliITleter observations of Mars will 
show a variation with the phase of the solar illuITlination. 
The extent of this variation, cOITlpared with that obtained 
in the infrared, will allow further dete rITlination of the 
therITlal properties of the planet's surface. 
A ITleasureITlent of the diaITleter and the polarization of 
Jupiter's eITlitting regions at wavelengths shorter than 
3 centiITleters would give a check of the apparent two-
cOITlponent ITlicrowave eITlission. 
Observations of Saturn in the ITlilliITleter range should 
provide the inforITlation needed to deterITline the true 
therITlal contribution to its ITleasured teITlperature. 
2) Significance and IITlport of Expected Results: In the 
following, the planets froITl which radio eITlis sion has 
been detected will be discussed individually. A brief 
sUITlITlary of the presently available knowledge will be 
presented to illustrate the iITlportance of the ITlilliITleter 
observations. 
Mercury - Only liITlited radio observations of Mercury 
are currently availabl e . MeasureITlents in the vicinity 
of 35 centiITleters yield an equivalent blackbody disk 
teITlperature of approxiITlately 400 o K; at 11.3 centi-
ITleters, the ITleasured disk teITlperature is roughly 
300 ° K. The diffe rence is not regarded as significant, 
since it lies within the COITlITlon errors of the two sets 
of ITleasureITlents. In addition, the radio ITleasureITlents 
show no dependence on the phase of the solar illuITlina-
tion. By contrast, infrared ITleasureITlents show a large 
variation froITl about 600 0 K on the daytiITle side to nearly 
zero on the night side. The infrared ITleasureITlents thus 
indicate a planet with low therITlal conductivity and negli-
gible atITlosphere, while the centiITleter and deciITleter 
observations suggest either internal radioactive heating 
or the presence of an atITlosphere capable of transITlitting 
5.1.1.2 
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solar heat from the illuminated to the dark side. Milli-
meter wavelength m e asurements will bridge the gap 
between the c e ntime ter measurements and those in the 
infrared. 
Venus - The infrar e d t e mp e ratur e of Venus is approxi -
mately 225 ° K. The equivalent blackbody disk tempera -
ture has been measured as 350 0 K at wavelengths of 
4 millimeters and 8 millimeters and as nearly 600 0 K 
for wavelengths from 3 centimeters to 21 centimeters . 
Again, the millimeter range is an interesting transition 
region between the infrar e d and the centimete r ranges. 
Mars - The m e asu r e d infrar e d disk te n~perature of Mars 
is 250 0 K. The measured disk temp e ratur e at 3 centi-
Ineters is only 21 OOK. The discrepanc y is pr e sUlnably 
due to the temp e ratur e diff e rence b e tw een the surface , 
whe re the infrare d e mission originate s, and a short 
distance beneath the surfac e , wher e the 3 centimeter 
emission originate s . This requires the thermal inertia 
beneath the surface t o b e larg e compared with the rota-
tional period of Mars. The radio obser vations thus s e t 
a lower limit for the thermal inertia of the surface layers 
of the planet. The milli lneter radiation should be emitte d 
at a shallower d epth than the centimeter radiation, and 
thus the thermal prope rties of the intermediate layers 
can b e inve stigate d. 
Jupite r - The mi c rowave spe ctrum of Jupiter is unique 
among radio sourc e s . At w ave lengths in the neighbor-
h o od of 3 c e ntime t e rs, th e e quiva l e nt blac kbody disk 
t e mpe rature is 14 5 0 K , i n r e asona bl e a g r eem e nt wi th 
the infrared temperatur e of 130 0 K . The disk t e mpera-
tur e at 10 c e ntime t e rs is 600 0 K, h o wever, and it rises 
rapidly wi th incr e asing wave length, r e aching 50, 000 0 K 
at 70 centimete rs. The mi c rowave emission from Jupite r 
thus appears to c onta in tw o compone nts: thermal emis -
sion which ac c ounts for n e arly all the radiation at wave -
l e ngths shorte r than 3 c e ntimeters, and a nonthennal 
c Olnponent which dominates at the longer wavelengths . 
The only exp e rim e ntal justification for this s e paration 
into two c ompone nts is the br e ak in Jupite r's spectrum 
n e ar 10 c e ntilne t e rs. A furthe r che ck could b e obtained 
by rn easuring the dia rne t e r a nd th e pola rizati o n of the 
emitti ng r e gi o n at wave l e n g ths sho rte r tha n 3 ce ntime t e rs. 
5.1.1. 3 
If the eITlission is truly therITlal at these wavelengths, 
it should coincide in size with the visible disk of the 
planet and be largely unpolarized. 
Saturn - Only very liITlited observations of Saturn are 
presently available. At a wavelength of 3 . 45 centi-
ITleters, an equivalent disk teITlperature of 106 ° K has 
b een ITleasured. This cOITlpared favorably with the 
infrared teITlperature of 125 ° K . MeasureITlents at 
wavelengths of 10 centiITleters and 11.3 centiITleters 
yielded disk teITlperatures of 196°K. The excess deci-
ITletric teITlperature cOITlpared to the centiITletric value, 
as well as the siITlilarity of Saturn to Jupiter, suggest 
the possibility of nontherITlal eITlission. Before this 
can be confirITled, the true therITlal contribution ITlust 
be deterITlined. Observations in the ITlilliITleter range 
should provide this inforITla tion . 
Other Planets - Radio eITlission froITl the reITlalmng 
planets has not been detected. All are expected to be 
therITlal eITlitters. For such eITlitters, the flux density 
increases as the wave length of observation decreases . 
Thus, depending on the size of the aperture and the 
sensitivity of the receiver, the flux density at ITlilli-
ITleter wavelengths of SOITle additional planets ITlay have 
increased sufficiently to perITlit their detection. The 
extension of the high end of the radio astronoITlY spec-
trUITl into the ITlilliITletric region is possible froITl the 
ITloon since no atITlosphere exists to absorb and scatter 
the incident energy. Of greater intrinsic scientific 
interest and of iITlportant practical value for future space 
travel is the search for wate r vapor in the atITlosphe res 
of the planets. There is a water vapor band at a wave-
length of 1.35 ITlilliITle ters whose detection froITl earth 
is extreITlely difficult because of the enveloping atITlOS-
phere. This probleITl is eliITlinated in a lunar-based 
observatory . An atteITlpt to detect water vapor or to 
e stablish an upper liITlit to its presence on all the planets 
is thus a natural experiITlent. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: All of the proposed 
experiITlents can be carried out with presently available 
e quipITl ent, ITlodified to withstand the ITlis sion envi ron-
ITlent. FurtherITlore, all the experiITlents can b e carried 
out with the saITle equipITlent, operated froITl a fixed site. 
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The antenna should be a fully ste erable parabolic reflec-
tor. This is certainly the IllOSt flexible type of antenna. 
In addition, it is easily incorporated into an array . 
It is preferred that the feeds be rotatable for polari -
zation llleasurelllents. 
A standard superheterodyne receiver can be used. 
Preferably this would be tunable throughout the wave-
l ength range frolll I to 10 lllillillleters. For the lllea-
surelllents, lllan would be used prilllarily for the initial 
installation and calibration, after which the operation 
could be prilllarily autolllatic. 
Measur elllents and Data 
I) Particular Phenolllena and Characteristics to be 
Obs erved and Measured: Intensity, apparent position, 
apparent size, telllporal variations, polarization. 
2) Resolution Needed to Successfully Observe the 
Phenolllena Above: An antenna diallleter of 50 feet would 
ce rtainly be adequate for prelilllinary observations. With 
such an antenna and a conventional present-day receiver, 
it should be possible to detect the planets Venus, Jupiter, 
Mars, and Earth, as well as the sun, at wavelengths of 
4 lllillillleters and shorter. In addition, it lllay be possi-
ble to detect a few (probably less than five) discrete 
radio sources. 
The half-power beam.width at I lllillillleter will be of 
the order of 0.005 0 • This is sufficiently slllall to per -
m.it brightness distributions of the sun and earth. 
Adopting the criterion that the surface accuracy be 
good to one-tenth wavel ength, an accuracy of O. I lllilli-
llleter or 10- 4 III is desired. 
DeploYlllent 
I) Preferential Location or Type of Location on the Lunar 
Surface : Consistent with antenna requirelllents 
2) Preferential Lunar Phase: Depends on object to be 
studied 
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3) Location(s) Relative to LEM/Shelter Where Experiment 
is to b e P erformed: As close as is feasible with limita-
tions with regard to avoiding any noise generated by/ 
within the LEM/Shelter and steerability of the antenna. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Antenna installation may require a wheeled 
vehicle; receiving equipment can be handcarried. 
d. Supporting Experimentation 
1) Any R equirement for Support by Simultaneous Earth/ 
Lunar /Spac e Observations or Activities: Simultaneous 
terrestrial backup observations to link the millimetric 
observations with centimeter emissions (observable on 
earth) would enhance the overall results of the experi-
ment. 
2) Any Requirement for Prerequisite Earth/ Lunar /Space 
Experimentation: Such things as solar winds, solar 
flares, galactic radiation, lunar surface composition, 
meteorite bombardluent, seismic action and solid tides, 
atmospher e, pressure, light (both in daytime and night-
time operations), and thermal properties will affect the 
design of the equipment. 
3) Common Equipment: All equipment for millimetric 
observations of the sun and cosmic sources 
4) Time Sequence Relationship: Not Applicable 
e. Experiment Continuity and Re l ationship to Other Efforts 
1) R e lationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Obj ective: Second 
generation experiments will incorporate greater angular 
resolution and higher sensitivity. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to COlumence: Submillimeter inve stigations 
are presently being conducted at the Lunar and Planetary 
Laboratory of the University of Arizona. 
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5. OPERATIONS 
a. Duty Cycle 
I ) Expected Nmnber and Duration of Operational Periods: 
The e quipment will be in continuous ope ra tion. 
2) Interval Between Operational Periods: Not Applicable 
3) Total Duration of Experilnent: Indefinite 
b . Crew Requirements and Proc edures 
I) Estimation of Crew Tim e Required For: 
a) S e tup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: None 
d) Expe rimentation : Unknown 
2) Cr ew Procedures Required: Initial installation and 
calibration and maintenance (repairs, etc., if neces-
sary) 
3) Crew Skills R e quired: Familiarity wi th electronic 
equipment and parabolic antennas 
4) Importanc e of Astronaut Participation: Necessary for 
insta llation and initial calibration, rnaintenance, and to 
rnake any changes in systern parameters based on results 
obtained. Guidance of the steerable paraboloid n1ay also 
r e quir e astronaut participation. 
5) Crew TilTIe Per Op e rationa l Seque n ce : Unknown 
6) Number of E x perirnent S e qu e nc e s P e r Mission: Not 
defined 
6. APPARATUS DESCRIPTION 
a. Propos ed Methods of Measurement: Radio telescope and 
related e quiprnent 
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b. Apparatus Description 
1) Des cription of Following for Component : 
a) Equiprne n t Name: Parabolic Antenna 
b) Size Stor ed: Unknown 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: Unknown 
e) Size Operating: 50 ft diamete r reflector 
f ) Pressurized or Unpressurized (operating): 
Unpr es surized 
g) Freque ncy Spectrum: Ku band and up (10 mm - 1 mm) 
h) Re solution: lOs ec of arc a t 1 mm 
i) Pointing Accuracy: 10 s ec of arc at 1 mm 
2) Descri ption of Following for Component : 
a ) Equipment Name: R e ceiver P ac kage 
b) Size Stored: 1 cu. ft 
c ) Pressuriz e d or Unpressurized (stor e d): 
Unpr es surize d 
d) Weight: 10 lb 
e ) Size Operating : 1 cu. ft 
f) Pressuriz ed or Unpressu rized (operating): 
Unpres surized 
g) Frequency Spectrum: 30 - 300 GHz 
h) Resolution: Bandwidth unde termined 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Simultaneous observation at long wavel engths from a lunar 
site 
d. Ancillary Equipment : Not defined 
e. Required Deve lopment 
1) Principal Apparatus Requiring Deve lopment: Millimete r 
wave antenna to withstand lunar environment 
2) Estimated Time Required for Delive ry of Flight 
Hardwar e Starting from E x p e riment Deve lopme nt 
Go-Ahead: 2 years 
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3} Current Status of Experiment, Especially Present 
State-of-the-Art: Measurements have been attempted 
out to 1 mm from earth- based sites. 
7. INTERFACES 
a. Proposed Experiment Location: Must be isolated from any 
equipment radiating at the frequencies over which the antenna 
tunes. 
b. Instrument Orientation and Stabilization: Steering about a 
polar axis 
c . Access Requirements: Astronaut should be able to service 
antenna and receiver package if necessary. 
d. Environmental Requirements: Thermal protection of elec -
tronics, instrumentation packages, and structural seals 
may b e accomplished with passive-type systems composed 
of insulation and an outer surface with desirable radiative 
properties to nullify effects of extreme temperature fluctu-
ations. Lunar surface radiation characteristics also can 
be modified by suitabl e r e flective ground cover around the 
base of the emplaced equipment. 
Radiation from solar wind, solar flares, and cosmic rays 
will necessitate appropriate protection of the emplaced 
equipments. Radiation effec ts may range from macroscopic 
changes (heating, activation, or destruction of materials) to 
microscopic changes that are only apparent under unusual 
condi hons. Materials and objects differ considerably in 
their tolerance to radiation. Semiconductor devices, with 
operation dependent on minority - charge carriers, are more 
s e nsitive to ionization a nd atomic displaceme nts than con-
ductors where mobile electrons are plentiful. 
M eteorite effects, both from primary m e t eo roids or secon-
dary ejecta with velocity less than escape velocity (2.68 km/sec) 
may pose design problems, especially with respect to exposed 
antennas. In the case of the wire antennas, a multistrand-
type luay increase reliability for long-term operation. Lunar 
dust also must be considered in experiment design. The 
e le ctr i ca l charge buildup resulting frODl solar wind lnay 
cause lunar dust to be attracted to and adher e to insulated 
surfac e s, e spec ially those that m.ove. The electrical charge 
buildup effects can be prevented by having eve ry possible 
surfa ce e l ect ri cally conducting and grounded. 
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e. Power Requirements: Unknown 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Analog 
b. Data Characteristics 
1) Range of Measurement: 
Minimum Signal 
Maximum Signal 
Spatial R e solution 
Physical Units 
Unknown 
Unknown 
10 sec of arc at 
1 mm 
2) Accuracy: ± 10 % absolute flux density 
3) F reque ncy Response: Unknown 
4) Output Impedance(s ): Not defined 
Electrical Units 
c. Expected Data Activity: The signals received by the system 
when Inonitoring the planets or searching for cosmic sources 
may b e below the system noise l evel for long p eriods of time. 
Thus, the data rate is expected to cycle from z ero to the 
maximum value depending on the received intensity. 
d. Selective Monitoring: Astronaut may participate in selecting 
and acquiring different sources. 
e. Data Preproc es sing: Consideration should be given to com-
putational analyses to determine mean intensity measurements 
and its standard d eviation prior to data storage on the lunar 
surface. 
9. SUPPLEMENTARY INFORMATION 
a . Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: Not defined 
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2) Data Acquisition Period: Data storage 
3) Postflight Analysis Period: Electronic computer -
earth-based 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Beacon Transmissions Between the Earth and Moon 
2. APPLICATIONS/ TECHNICAL AREA 
a. General Area: Astronomy 
b. Detailed Category: Beacon Transmissions Between Earth 
and Moon 
c. Other Interested U. S . Agencies: NBS - CRPL Boulder, 
NASA - Goddard 
3 . SOURCE OF EXPERIMENT AND CONTACTS 
a . Original Author of Experiment: Public domain 
b. All Other Contacts: Brown Engineering Company, Inc., 
North American Aviation, Inc . [13] 
4. OBJECTIVE AND SCOPE 
a . Objective and Significance 
1) Specific Objective and Purpose: The problem is to 
determine the integrated electron density of the cislunar 
medium from phase-path, group-path, and Faraday 
polarization measurements on harmonic modulated 
2) 
radio signals propagated from earth to moon to earth . 
These transmissions would also be used to correct 
range measurements betwe e n the terrestrial and lunar 
sites to a high degree of precision. Transmissions 
from the moon would be provided for reception by 
artificial earth satellites and by ground stations for 
the scientific study of the local ionosphe re and the 
remaining cislunar medium. 
Significance and Import of Expected Results: From 
differential Doppler frequency, differential pulse 
dela y, and Faraday rotation measurements using at 
least one relatively low radio frequency, redundant 
data on the inte g rated density of electrons between 
the earth and the moon would be obtained to very high 
pre c ision. Thes e results could be used to correct 
range and r a ng e - rate measur e ments made at highe r 
fr e quenc ies with c ontinuous coverage made possible 
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by the use of three terrestrial stations. In essence, 
absolute range and time rate of change of range could 
be measured to a fraction of a wavelength at the highest 
frequency, over a period of months, if desired. Much 
poorer radar measurements have been used in the past 
to obtain the orbital parameters of the earth-moon 
system to greater precision. It appears that a beacon 
technique could improve markedly the precision of 
information about such quantities as lunar libration, 
lunar orbit. earth-moon separation, lunar size, earth 
radius, terrestrial positions, and lunar and terrestrial 
rotation rates. Such information will be neces sary for 
advanced projects such as earth-moon baseline inter-
ferometry and an interplanetary Loran station. 
3} Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The experiment 
would involve radio transmissions from three ter-
restrial sites (for continuous lunar visibility) with 
reception at a single lunar site where the signals would 
b e retransmitted (with or without frequency translation) 
to the earth. Three or more carrier frequencies would 
be used with identical modulation for range a nd differ -
ential range measurements to high precision. It is 
important to have at least one frequency as low as 
about 50 MHz. The various carrier frequencies would 
be derived from a stable oscillator so that their relative 
frequencies and absolute frequencies would be known 
precisely. All measurements would be made on earth 
with the lunar site being an automatic station. 
A fixed lunar site is involved. Man would be used for 
installation and maintenance only. There are no data 
requirements on the moon because all measurements 
would be made on the earth . The transponder probably 
could be built with a weight of 10 to 20 pounds, requiring 
on the order of 10 watts. No new developments in types 
of equipment would be required since it would be similar 
in operation and construction to the transponders used 
on various spacecraft. Studies of the problem should 
include possible unique advantages of expansion from 
one to three lunar sites - one near the center of the 
disk, one near a pole, and one on the equator near the 
limb. 
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b . Measurements and Data 
1 ) Particular Phenomena and Characteristics to be 
Observed and Measured: Differential Doppler 
frequency, differential pulse delay, and Faraday 
rotation. 
2) Resolution Needed to Successfully Observe the 
Above Phenomena: Only the transponder will be 
lunar based. 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Transponde r should be located near 
the center of the lunar disk with possibly additional 
installations on the equator at the limb and at one pole . 
2) Preferential Lunar Phase: None 
3) Location(s) Relative to LEM/Shelter Where Experi-
ment is to be Performed: As close as is feasible with 
limitations with regard to avoiding any noise generated 
by/within the LEM/Shelter. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Transponder system can be handcarried. 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Terrestrial 
radio transmitters and receivers will be employed. 
Data reduction will be performed on earth . 
2) Any Requirement for Pre requisite Earth/ Lunar / Space 
Experimentation: It is necessary to know the radiation 
environment from an equipment standpoint, the electro-
static charging of the lunar surface layer, the extent 
and density of the lunar ionosphere, the thermal 
prope rtie s of the lunar surface and the total electron 
content of the terrestrial ionosphere along the ray 
path. 
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3) Co:m:mon Equip:ment: May :make use of power source, 
data storage and data trans:mission facilities of an 
E:mplaced Scientific Station. 
4) Ti:me Sequence Relationship: Not defined 
e. Experi:ment Continuity and Relationship to Other Efforts 
1) Relationship of This Experi:ment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Infor:mation gained :may indicate that it would be 
advantageous to have several transponders at dif-
ferent lunar sites. 
2) Relationship of Proposed Experi:ment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Com:mence: A group working at Stanford 
University have atte:mpted cislunar electron density 
:measure:ments. 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Nu:mber and Duration of Operational Periods: 
Equip:ment to be in continuous operation. 
2 ) Interval Between Operational Pe riods: Not Applicable 
3) Total Duration of Experiment: Indefinite 
b. Crew Require:ments and Procedures 
1) Esti:mation of Crew Ti:me Required For: 
a) Setup: Esti:mated 1 hour 
b) Checkout and Calibration: Esti:mated 15 minutes 
c) Standby: None 
d) Experimentation: Not Applicable 
2) Crew Procedures Required : Initial installation and 
possibly maintenance. 
3) Crew Skills Required: Familiarity with electronics 
equip:ment 
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4) Importance of Astronaut Participation: Necessary for 
installation and initial calibration, maintenance, and 
to make any changes in system parameters based on 
results obtained . 
5) Crew Time Per Operational Sequence: Not Applicable 
6) Number of Experiment Sequences Per Mission: Not 
Applicable 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Two-way earth-moon 
transmission with lunar transponder 
b . Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Transponder 
b) Size Stored: 8 inch cube (8 X 8 X 8) 
c) Pressurized or Unpressurized (stored): 
Unpre s surized 
d) Weight: 10 lb 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
g) Frequency Spectrum: Not defined 
h) Resolution: Bandwidth not determined 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Measurements of the lunar ionospheric electron content 
and the terrestrial ionospheric electron content. 
d. Ancillary Equipment: Earth-based transmitting and 
receiving system 
e. Required Development 
1) Principal Apparatus Requiring Development: 
Lunar transponder and antenna 
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2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 1 year 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Similar systems have already been 
designed for satellites. 
7. INTERFACES 
a. Proposed Experiment Location: Must be isolated from any 
equipment radiating at the frequencies over which the 
antenna tunes. 
b. Instrument Orientation and Stabilization: Transponder 
system can lay on the lunar surface. 
c. Access Requirements: Astronaut should be able to service 
antenna and receiver package if necessary. 
d. Environmental Requirements: Thermal protection of elec-
tronics' instrumentation packages, and structural seals 
may be accomplished with passive-type systems composed 
of insulation and an outer surface with desirable radiative 
properties to nullify effects of extreme temperature fluctua-
tions. Lunar surface radiation characteristics also can be 
modified by suitable reflective ground cover around the base 
of the emplaced equipment. 
Radiation from solar wind, solar flares, and cosmic rays 
will necessitate appropriate protection of the emplaced 
equipments. Radiation effects may range from macroscopic 
changes (heating, activation , or destruction of materials) 
to microscopic changes that are only apparent under unusual 
conditions . Materials and objects differ considerably in 
their tolerance to radiation. Semiconductor devices, with 
operation dependent on minority- charge carriers, are more 
sensitive to ionization and atomic displacements than con-
ductors where mobile electrons are plentiful. 
Meteorite effects, both from primary meteoroids or 
secondary ejecta (with less than escape velocity of 2.68 
km/ sec), may pose design problems, especially with 
respect to exposed antennas. In the case of the wire 
antennas, a multistrand-type may increase reliability for 
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long-term operation. Lunar dust also must be considered 
in experiment design. The electrical charge buildup re-
sulting from particle bombardment rna y cause lunar dust 
to be attracted to and adhere to insulated surfaces, es-
pecially those that move. 
Power Requirements 
1) Average Power and Time Duration: 10 watts - more 
could be usefully employed if available; continuous 
operation of equipment 
2) Peak Power and Time Duration: IO watts - continuous 
3) Standby Power and Time Duration: Not Applicable 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Data collection for this 
experiment will be performed on earth. 
b. Data Characteristics 
1) Range of Measurement: Minimum and maximum 
signal, unknown; spatial resolution, not applicable 
2) Accuracy: Unknown 
3) Frequency Response: Unknown 
4) Output Impedance( s ): Not defined 
c. Expected Data Activity: Experiment will be continuous, 
but all data will be collected on earth . 
d. Selective Monitoring: Not Applicable 
e. Data Preprocessing: Not Applicable 
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9. SUPPLEMENTARY INFORMATION 
a . Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: None 
2) Data Acquisition Pe riod : Data acquisition, tracking, 
and data storage - earth based 
3) Postflight Analysis Period: Electronic computer -
earth based 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
TITLE: Galactic and Extra-Galactic Radio AstronoITlY at Low 
Frequencies (1 kHz - 10 MHz) 
2. APPLICA TIONS/ TECHNICAL AREA 
a. General Area: AstronoITlY 
b. Detailed Category: Galactic and Extra-Galactic Low 
Frequency Radiation Source Survey 
c. Other Interested U. S. Agencies: National Science Foundation -
National Radio AstronoITlY Observatory, Air Force - Arecibo 
Ionospheric Observatory, NASA - Goddard, Office of Naval 
Research 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Expe riment: Not Applicable 
b. All Other Contacts: Brown Engineering Company, Inc., 
North American Aviation, Inc., [13] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1 } Specific Objective and Purpose: The flux density and 
spatial distribution of galactic and extra- galactic 
emissions will be ITleasured at frequencies below the 
te rrestrial ionospheric cutoff. Intensity ITleasureITlents 
of fixed frequencies will help establish the low frequency 
spectrum of the sources. This along with polarization 
and angular diaITleter measurements will provide the 
information needed to pin down the mechanism of 
enlission. Synoptic observations will provide data for 
time variation studie s, correlation with othe r space 
parameters, and cause and effect investigations. 
2} Significance and Import of Expected Results: The 
terrestrial ionosphere ITlakes it impossible for the 
ground based experinlenter to deduce a radio spectral 
law of galactic emission over as wide a range as is 
de sired. Extension of the measured spectruITl will 
help determine characteristics of the radiation mecha-
nisnl. Analysis of the emission from certain sources 
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can be expected to yield information on propagation 
effects in the vicinity of the source, near the moon, 
and in interplanetary and interstellar space. Also at 
long wavelengths where nonthermal emission predomi-
nates, galactic observations will undoubtedly lead to a 
clearer delineation of the spiral structure of the Milky 
Way. A map of low frequency sources along with in-
dividual source studies to ascertain angular dimensions 
and intensity distributions would be a definite asset to 
studie s of galactic and extra- galactic structure. 
It is presumed that interplanetary space contains 
filaments or blobs of plasma that have been spewed 
out of the sun. From the moon it should be possible 
to ascertain the distribution of these solar plasma 
clouds by monitoring celestial sources at low fre-
quencies with good resolution over a time span of one 
year and scrutinizing the data for propagation effects 
such as the scattering of radio waves by irregularities 
in electron density. The moon is well suited for such 
an investigation for, besides providing a large platform 
for low frequency observations, it outside of the ter-
restrial magnetosphere a majority of the time and thus 
enables a distinction between propagation effects in 
interplanetary space and those operative at the mag-
netospheric boundary. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The first experiments 
could employ simple cross-type "pencil beam" antennas 
with good directional resolution and broadband charac-
teristic s. Later experiments can be designed around 
larger, more complex antennas for finer directional 
resolution and for polarization measurements. Eventual 
growth to include aperture synthesis systems would 
imply sites several kilometers apart. For these meas-
urements, man would be used primarily for the initial 
installation and calibration, after which the operation 
could be automatic. If system parameters need to be 
changed from the original design, based on results that 
are obtained, then it would be important to have a 
manned central site for such changes as well as for 
maintenance. Major emphasis will be placed on angular 
resolution at several fixed frequencies in the range from 
1 kHz - IO MHz. Secondary importance will be attached 
to the problem of obtaining absolute flux values. 
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b. Measurements and Data 
1 } 
2} 
Particular Phenomena and Characteristics to be 
Observed and Measured: The following characteristics 
should be measured: apparent position, apparent size, 
intensity at several spaced frequencies to define the 
spectrum, temporal variations, and polarization. 
Resolution Needed to Successfully Observe the 
Phenomena Above: The spectrum of galactic and 
extra- galactic emissions can be defined by making 
calibrated flux measurements at several frequencies 
over the range of interest (1 kHz - 10 MHz). An 
internal noise source should be provided for cali-
bration. The beamwidth of a given antenna array will 
depend upon the observing frequency. First generation 
antennas for mapping or obtaining positions of the sources 
will probably have beamwidths greater than 10°; thus, 
sources closer together than this will not be resolved, 
i. e., distinguishable as separate sources. Early an-
tennas will most likely be fixed on the lunar surface 
and the moon's rotation together w ith automatic phasing 
will provide sky coverage. To ascertain the spatial dis-
tribution and angular dimensions of low frequency sources, 
higher resolution is desirable. An interferometer de-
signed to operate at a fixed frequency with a fringe 
spacing on the order of 5° or less could accomplish a 
great deal. Pointing would be accomplished by elec-
trical phasing and the moon's rotation. 
c. Deplo yment 
1) Preferential Location or Type of Location on the 
Lunar Surface : Since mobility will be required to 
2) 
erect the antennas, the terrain should be manueverable. 
If the antenna is to be laid out on the lunar surface, 
there should be no irregularities in the terrain greater 
than a tenth of a wavelength . 
Preferential Lunar Phase: Measurements will be made 
during all phases provided the lunar ionosphere is es-
sentially nonexistent and the electrical characteristics 
of the lunar surface during day and night are understood. 
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3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: The experiment can be 
performed in the immediate vicinity of the LEM/ 
Shelter provided that radio frequency interference 
is nonexistent. The receiver should be near the 
Emplaced Scientific Station to facilitate the use of 
its data storage and transmission facilities. 
4) Method of Deployment of Instrumentation from. LEM/ 
Shelter: Antenna require s wheeled vehicle; receiving 
equipm.ent can be handcarried. 
d. Supporting Experim.entation 
1) Any Requirem.ent for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: No supporting 
experim.entation is required; however, sim.ultaneous 
terrestrial observations to link the low frequency ob-
servations with higher frequency em.iss ions would be 
desirable . 
2) Any Requirem.ent for Prerequisite Earth/ Lunar/Space 
Experim.entation: In order to m.ake accurate position 
and flux m.easurements, the electrical characteristics 
of the lunar surface and the im.pedance of the antenna 
must be known . Other factors involved in experim.ent 
design are: the radiation environm.ent, extent of elec-
trostatic charging of the lunar surface layer, the extent 
and density of the lunar i onosphere, and the thermal 
properties of the m.oon's surface. 
3) Com.m.on Equipm.ent : The receIvIng e quipm.ent for this 
exper im.ent is essentially the same as that for the low 
frequency investigation of the planets, but the antenna 
system. is m.ore directional, hence m.ore com.plex. This 
experim.ent could utilize the power source, data storage, 
and data transm.ission facilities of an Em.placed Scientific 
Station. 
4) Tim.e Sequence Relationship: Not Applicable. The 
position and intensity of em.is sion of w hatever is 
within the antenna pattern wi ll be studied. 
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e. Experiment Continuity and Relationship to Other Efforts 
I ) 
2) 
Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Additional steps will be in the direction of more 
sophisticated antenna systems, e. g., interferometers 
and aperture synthesis. 
Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Within the next several years, 
low-frequency radio astronomy observations will be 
made by certain NASA-planned Explorer satellites. 
The objectives of these Radio Astronomy Explorers 
(RAE) are measurements of the intensity of radio 
signals from celestial sources as a function of fre-
quency, position, and time, with a directive antenna. 
Using two 750-foot VEE antennas and gravity-gradient 
stabilization, observations of terrestrial and celestial 
noise will be made from about a 6 ODD-kilometer earth 
orbit. At this altitude the satellite is within the mag-
netosphere, but the observations should still extend 
down to around O. 5 MHz, the local plasma frequency . 
A survey of the galaxy, solar corona, and the planets 
should prove valuable to current technology and should 
provide further inputs for planning lunar experiments 
in radio astronomy. 
5. OPERATIONS 
a. Duty Cycle 
l) Expected Number and Duration of Operational Periods: 
The equipment will be in continuous operation. 
2) Interval Between Opera tional Periods: Not Applicable 
3) Total Duration of Experiment: At least one year and 
preferably longer 
b. Crew Requirements and Procedures 
l) Estimation of Crew Time Required For: 
a) Setup: Estimated 6 hours 
b) Checkout and Calibration: Estimated 30 minutes 
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c) Standby: None 
d) Experimentation: Automatic 
2) Crew Procedures Required: Initial erection of the 
antenna will be required. Electrical phasing to pro-
vide pointing can be accomplished automatically. 
Maintenance, if necessary. 
3) Crew Skills Required: None required, but general 
electronics background would be desirable. 
4) Importance of Astronaut Participation: Astronaut 
participation is essential for the installation of the 
antenna. Some maintenance and changes in system 
parameters may be necessary. 
5) Crew Time Per Operational Sequence: Not Applicable 
6) Number of Experiment Sequences Per Mission: Not 
Applicable 
6 . APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: A radiometric system 
including wire antenna, receivers , calibration source, at-
tenuator, programming circuitry, temperature sensors, and 
voltage regulator. It is assumed that power, timing, data 
storage, and telemetry will be provided by the Emplaced 
Scientific Station. 
b . Apparatus Description 
1) Des cription of Following for Component: 
a) Equipment Name: Antenna System 
b) Size Stored: 3 cu. ft 
c ) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 30 Ib 
e) Size Operating: T-shape, 20 km X 10 km 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
g) Frequency Spectrum: 1 kHz to 10 MHz 
h) Resolution: 10 0 
i) Pointing Accuracy: 1 0 
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2) Description of Following for Component: 
a) Equipment Name: Receiver Package (include s 
receivers, calibration source, attenuator, pro-
gramming circuitr y, temperature sensors, and 
voltage regulator) 
b) Size Stored: 8 inch cube (8 X 8 X 8) 
c) Pre s surized or Unpressurized (stored): 
Unpressurized 
d) Weight: 4 Ib 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Selected narrow bands In 
the range, 1 kHz - 10 MHz 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Antenna impedance measurements and density of the lunar 
ionospher e 
d. Ancillary Equipment: Antenna impedance probe 
e. Required Development 
1) Principal Apparatus Requiring Development: Broad-
band directional antenna to operate in the range 1 kHz -
10 MHz. 
2) Estimated Time Required for Delivery of Flight 
Hardwa re Starting from Experiment Development 
Go-Ahead: 1 year 
3 ) Current Status of Experiluent, Especially Present 
State-of-the-Art: Similar receiver package has been 
developed. Antenna system will be unique, yet ex-
perience with long wire antennas on lossy media has 
been accumulated by groups doing VLF work in 
Antarctica. 
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7. INTERFACES 
a. Proposed Experiment Location: Midpoint of the antenna 
system should be close to the ESS. The receiver package 
can be placed on the lunar surface at the center of the 
antenna, in which case it must have its own environmental 
system, or can remain in the ESS. 
b. Instrument Orientation and Stabilization: The antenna will 
lay on the lunar surface. If an interferometer is used, the 
baseline should be east-west. 
c. Access Requirements: Astronaut should be able to service 
antenna and receiver package if necessary. 
d. Environmental Requirements: Thermal protection of 
electronics, instrumentation package s, and structural 
seals may be accomplished with passive-type systems 
composed of insulation and an outer surface with desirable 
radiative propertie s to nullify effects of extreme tempera-
ture fluctuations . Lunar surface radiation characteristics 
also can be modified by suitable reflective ground cover 
around the base of the emplaced equipment. 
Radiation from solar wind, solar flares, and cosmic rays 
will neces sitate appropriate protection of the emplaced 
equipments. Radiation effects may range from macro-
scopic changes (heating, activation, or destruction of 
materials) to microscopic change s that are only apparent 
under unusual conditions. Materials and objects differ 
considerably in their tolerance to radiation. Semiconductor 
devices, with operation dependent on minority-charge 
carriers, are more sensitive to ionization and atomic dis-
placements than conductors w here mobile electrons are 
plentiful. 
Meteorite effects, both from primary meteoroids or 
secondary ejecta (with less than es cape velocity of 2.68 
km/ sec), may pose design problems, especially with 
respect to exposed antennas. In the case of the wire 
antennas, a multistrand-type may increase reliability for 
long-term operation. Lunar dust also must be considered 
in experiment design. The electrical charge buildup re-
sulting from particle bombardment may cause lunar dust 
to be attracted to and adhere to insulated surfaces, especially 
those that move. 
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e. Power Requirements 
l) Average Power and Time Duration: 8 watts - more 
could be usefully employed if available; continuous 
operation of equipment 
2) Peak Power and Time Duration: Peak power will be 
required during calibration - 10 watts 
3) Standby Power and Time Duration: Not Applicable 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Analog 
b. Data Characteristics 
l) Range of Measurement: 
Minimum Signal 
Maximum Signal 
Spatial Re solution 
Physical Units 
l03 OK 
10 7 oK 
10 0 or less 
2) Accuracy: ±25% absolute flux density 
Electrical Units 
l. 0 volt 
5. 0 volts 
3) Frequency Re sponse: 1 Hz (based on a time constant 
of l. 0 sec) 
4) Output Impedance(s): Unknown 
c. Expected Data Activity: One of the experiment objectives 
is to obtain a map of celestial sources. This requires that 
the equipment be operated and sampled continuously . 
d . Selective Monitoring: None, unless automatic signal sensing 
device is incorporated 
e. Data Preprocessing: None 
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9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1 ) Preflight Period: None 
2) Data Acquisition Period: Data storage 
3) Postflight Analysis Period: Electronic computer -
earth based 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TIT LE: Radio AstronoITlY at MilliITleter Wavelengths - Solar 
Observations 
2. APPLICA TIONS/ TECHNICAL AREA 
a. General Area: AstronoITlY 
b. Detailed Category: Solar Radiation at MilliITleter Wavelengths 
c. Other Interested U. S. Agencies: National Science Foundation -
National Radio AstronoITlY Observatory, NASA - Goddard 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of ExperiITlent: Public dOITlain 
b. All Other Contacts: Brown Engineering COITlpany, Inc., 
North AITlerican Aviation, Inc., [13] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: As with all solar 
observations, systeITlatic changes throughout the 
solar cycle of 11 years should be searched for. The 
solar study should be capable of deterITlining the fol-
lowing properties. 
Quite Sun - In the ITlilliITleter wavelength region, the 
sun should radiate as a black body at approxiITlately 
6000 o K. Very little liITlb brightening or darkening 
should be obse rved. The extent of the ITlilliITletric 
eITlission should coincide with that of the visible disk. 
Slow Varying COITlponent - It is very rare for the sun 
to be perfectly quiet. Bright localized regions can be 
observed alITlost all the tiITle siITlultaneously with the 
steady radiation of the quiet sun. The nUITlber and fre-
quency of these bright regions, or radio condensations 
should, of course, vary with the solar cycle. The 
radio condensations are presuITled to be regions of 
enhanced eITlission iITlITlediately overlying sunspots 
where the ITlagnetic field could be verified by detecting 
circular polarization of the radiation. The radio eITlission 
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at a given frequency originates in a thin layer of the 
solar atmosphere; the longer wavelengths corning from 
higher in the atmosphere. Millimeter observations 
should thus be capable of studying the region immedi-
ately over a plage area and, by combination with 
measurements at longer wavelengths, should permit 
observation of the progression of enhanced activity 
through the solar atmosphere . 
Enhanced Solar Emission - Chromospheric flares are 
often followed by very intense and complex bursts of 
radio-frequency energy. The nature of these bursts is 
so poorly understood that any additional data is of ex-
treme value . In particular, the spectral information 
on bursts does not yet extend into the millimeter wave-
length range. 
2) Significance and Import of Expected Results: The sun 
is the only star that can be studied in great detail. Its 
emission over the entire electromagnetic spectrum 
deserves careful investigation. Since it is a fairly 
typical star, any new knowledge gained about solar 
processes can be applied to stella r processes in 
general. Furthermore, the sun is known to have a 
strong influence on the local environment of all solar 
system objects. The solar interaction with the planets 
can clearly be more readily understood when the solar 
processes themselves are better understood. 
It is to be noted here as well as in all millimeter 
observations that the extension of the high end of the 
radio astronomy spectrum into the millimetric region 
is possible on the moon since no atmosphere exists to 
absorb and scatter the incident energy. 
3) Description of the Key Techniques and Scientific! 
Technical Approaches Required: All of the proposed 
experiments can be carried out with presently available 
equipment, modified to withstand the mission environ-
ment. Furthermore, all the experiments can be carried 
out with the same equipment operated from a fixed site. 
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The antenna should be a fully steerable parabolic 
reflector. This is certainly the most flexible type of 
antenna. In addition, it is easily incorporated into 
an array. It is preferred that the feeds be rotatable 
for polarization measurements. 
A standard superheterodyne receiver can be used. 
Preferably this would be tunable throughout the wave -
length range from 1 to 10 millimeters. For the meas -
urements, man would be used primarily for the initial 
installation and calibration after which the operation 
could be primarily automatic. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Intensity, apparent position, 
apparent size, temporal variations, polarization 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: An antenna diameter of 50 feet 
would certainly be adequate for preliminary obser-
vations. With such an antenna and a conventional 
present-day receiver, it should be possible to detect 
the planets Venus, Jupiter, Mars, and earth, as well 
as the sun, at wavelengths of 4 millimeters and shorter. 
In addition, it may be possible to detect a few (probably 
less than five) discrete radio sources. 
The hali-power beamwidth at 1 millimeter will be of 
the order of 0.005 0 • This is sufficiently small to 
permit brightness distributions of the sun and earth. 
Adopting the criterion that the surface accuracy be 
good to 1/10 wavelength, an accuracy of o. 1 milli-
meter or 10- 4 m is desired . 
c . Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Consistent with antenna requirements 
2) Preferential Lunar Phase: Day 
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3) Location(s) Relative to LEM/Shelter Where Experi-
ment is to be Performed: As close as is feasible with 
limitations with regard to avoiding any noise generated 
by/within the LEM/ Shelter, and steerability of the 
antenna. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Antenna installation may require a wheeled 
vehicle. Receiving equipment can be handcarried. 
d. Supporting Experimentation 
1 ) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Simultaneous 
terrestrial backup observations to link the millimetric 
observations with centimeter emissions (observable on 
earth) would enhance the overall results of the experi-
ment. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Such things as solar winds, solar 
flares , galactic radiation, lunar surface composition, 
meteorite bombardment, seismic action and solid tides, 
atmosphere, pressure, light (both in daytime and night-
time operations), and thermal properties will affect the 
design of the equipment. 
3) Common Equipment: All equipment for millimetric 
observations of the planets and cosmic sources 
4) Time Sequence Relationship: Not Applicable 
e. Experiment Continuity and Relationship to Other Efforts 
l) Relationship of This Expe riment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Second generation experiments will incorporate 
greater angular resolution and higher sensitivity. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Submillimeter inve stigations 
are presently being conducted at the Lunar and Planetary 
Laboratory of the University of Arizona. 
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5. OPERATIONS 
a. Duty Cycle 
1 ) Expected Number and Duration of Operational Periods: 
The equipment will be in continuous operation. 
2) Interval Between Operational Periods: Not Applicable 
3) Total Duration of Experiment: Indefinite 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: None 
d) Experimentation: Unknown 
2) Crew Procedures Required: Initial installation and 
calibration and maintenance (repairs, etc., if neces-
sary). 
3) Crew Skills Required: Familiarity with electronics 
equipment, parabolic antennas 
4) Importance of Astronaut Participation: Necessary for 
installation and initial calibration, maintenance, and 
to make any changes in system parameters based on 
re sults obtained. Guidance of the steerable paraboloid 
may also require astronaut participation. 
5) Crew Time Per Operational Sequence: Unknown 
6) Number of Experiment Sequences Per Mission: Not 
defined 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Radio telescope and 
related equipment 
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b. Apparatus Description 
I) Description of Fo llowing for Component: 
a ) Equipment Name: Parabolic Antenna 
b) Size Stored: Unknown 
c) Press urize d or Unpressurized (stored): 
Unpressurized 
d) Weight: Unknown 
e) Size Operating: 50 ft diameter reflector 
f) Pressurized or Unpressurized (operating ): 
Unpre s surized 
g ) Frequency Spectrum: Ku band and up (10 mm -
I mm) 
h) Resolution : 10 sec of arc at I mm 
i) Pointing Accuracy: 10 sec of arc at I mm 
2) Description of Following for Component: 
a ) Equipment Name: Receiver Package 
b) Size Stored: I cu . ft 
c ) Pressurized or Unpressurized (s tored ): 
Unpressurized 
d) Weight: 1 0 lb 
e) Size Operating: Same as b ) above 
f) Pressurize d or Unpr e ssurized (operating ): 
Unpre s surized 
g ) Frequency Spectrum: 30 - 300 GHz 
h) Resolution: Bandwidth undetermined 
i) Pointing Accuracy: Not Applicabl e 
c. Simultaneous Observations by Sensors Other Than Thos e 
Spec ified Above Which Would Enhance the Experiment : 
Simultaneous observation at long wave lengths from a 
lunar site . 
d . Ancillary Equipment: Receiver test equipme nt 
e. Required Development 
1 ) Principal Apparatus Requiring Deve lopment: Milli-
meter wave antenna to withstand lunar environment 
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2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 2 years 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Measurements have been attempted 
out to I mm from earth-based sites. 
INTERFACES 
a. Proposed Experiment Location: Must be isolated from 
any equipment radiating at the frequencies over which the 
ante nna tune s . 
b. Instrument Orientation and Stabilization: Steering about a 
polar axis 
c. Access Requirements: Astronaut should be able to service 
antenna and receiver package if neces sary. 
d. Environmental Requirements: Thermal protection of 
electronics, instrumentation packages, and structural 
seals may be accomplished with passive-type systems 
composed of insulation and an outer surface with desirable 
radiative properties to nullify effects of extreme tempera-
ture fluctuations . Lunar surface radiation characteristics 
also can be modified by suitable reflective ground cover 
around the base of the e mplaced equipment. 
Radiation from sola r wind, solar flares, and cosmic rays 
will n e cessitate appropriate protection of the emplaced 
equipments. Radiation effe c ts may range from macroscopic 
change s (heating, activation, or destruction of materials) to 
microscopic changes that are only apparent under unusual 
conditions. Materials and objects differ considerably in 
their tolerance to radiation. Semiconductor devices, with 
operation dependent on minority-charge carriers, are more 
sensitive to ionization and atomic displacements than con-
ductors where mobile electrons are plentiful. 
Meteorite effects, both from primary meteoroids or 
secondary ejecta (with less than escape velocity of 2.68 
krn/ sec), may pose de sign problems, especially with re-
spect to exposed antennas. In the case of the wire antennas, 
a multistrand-type may increase reliability for long-term 
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operation. Lunar dust also must be considered in experi-
ment design . The electrical charge buildup resulting from 
solar wind may cause lunar dust to be attracted to and ad-
here to insulated surfaces, especially those that move. The 
electrical charge buildup effects can be prevented by having 
every pos sible surface electrically conducting and grounded. 
e. Power Requirements: Unknown 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be CQllected: Analog 
b. Data Characteristics 
1) Range of Measurement: 
Physical Units Electrical Units 
Minimum Signal Unknown 
Maximum Signal Unknown 
Spatial Resolution 10 sec of arc at 1 mm 
2) Accuracy: ±10% absolute flux density 
3) Frequency Response: Unknown 
4) Output Impedance(s ): Unknown 
c. Expected Data Activity: When this system is not being used 
to monitor the planets or sun, it will be searching for cosmic 
sources. 
d. Selective Monitoring: Astronaut may participate in steering 
the antenna when it is desired to switch from one source to 
another. 
e. Data Preprocessing: It might be possible to reduce the 
amount of stored information by calculating average values 
and standard deviations over certain time intervals and 
storing them. 
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9. SUPPLEMENTARY INFORMATION 
a. Discussion of Faciliti e s and Procedur e s Needed for This 
Expe riITlent 
1) Preflight P eriod : None 
2) Data Acquisition Period: Data storage 
3) Postflight Analysis Period: Electronic cOITlputer -
earth- based 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Solar Radio Astronomy at Low Frequencies 
2. APPLICATIONS/ TECHNICAL AREA 
a. 
b. 
c. 
General Area: Astronomy 
Detailed Category: Low Frequency Solar Radiation 
Othe r Interested U. S. Agenices: Air Force CaITlbridge 
Research Labs. NASA-Goddard. NBS-Boulder. National 
Science Foundation. Office of Naval Research 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Not Applicable 
b. All Other Contacts: Brown Engineering COITlpany. Inc .• 
North AITlerican Aviation. Inc . • [13] 
4 . OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Spe cific Objective and Purpos e : Study of the transient 
outbursts (at l east five different types) to increase our 
knowledge of the solar atlnosphere. Occultation experi-
Inents (ITlonitoring the emission from discrete sources 
as they pass behind the solar corona) can provide infor-
rna tion on the heliocentric dis tribution of plasITla in 
inte rplanetary space . 
Obs e rvations of Type III bursts as their sourc e moves 
out in the corona. perhaps all the way to one astronomi-
cal unit where the local plaslna fr e quency is of the order 
of 10 - 30 kHz. could provide valuable inforITlation on 
the flow of parti c ulate rna tter frOITl the sun. 
2) Significance and IITlport of Expected Results: Study of 
solar outbursts will lead to a better understanding of 
the centers of activity. Low frequencies would be 
espec i a lly advantageous in the occultation experiments 
sinc e it is b e li eved that the scattering effects of plasma 
c louds s cal e as A,2 . 
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Information about emission mechanisms (synchrotron, 
plasma os cilla tions, etc. ) is expec t ed to be obtained. 
Observations of solar bursts might help in the predic-
tion of arrival of particula t e matter from the sun which 
might endanger a lunar colony. 
3) Description of the Key Techniques and Scientific/ 
T echnical Approaches Required: The first exp eriments 
could employ simple low- gain broadband ante nnas with 
later experiments d e signe d around larger and more 
complex antenna systems for finer directional resolu-
tion and for polarization measurements. All rneasure-
ments could be made at a fixed site. Eventual growth 
of antenna size to include long bas eline interferoDletry 
would imply site s s e veral kilometers apart. For these 
measurements, man would be used primarily for the 
initial installation and calibration, after which the 
operation could be primarily automatic . If systern. 
parame ters need to be changed from the original design, 
bas ed on results that are obtained, then it would b e 
important to have a manned central site for such changes, 
as well as for maintenance. 
In this experiment the main emphasis will be placed on 
having many frequency samples (a swept frequency 
response) and secondary importance on the measure-
m .ent of absolute intensity of the emissions. Since the 
solar radio spectrum is continuously changing, attenlpts 
to make measurements at low frequ encies should be 
designe d to fully reveal the characteristics of the 
bursts in the frequency-time domain. Th e primary 
technical problem will b e the design of the broadband, 
low-frequency antenna system. 
b. Measur e ments and Data 
1) Particular Phenome na and Characteristics to be 
Obs e rved and Measured: The mechanisDls of emis sion 
that will be investiga t ed a r e believed to b e nonthermal, 
i. e., ordered or resonance processes. The following 
characteristics should be measured: dynamic spec-
trum, intens ity, temporal variations, polarization, 
and apparent position. 
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2) Resolution Needed to Successfully Observe the 
Ph enomena Above: For solar observations at low fre-
quencies, the antenna system should ha ve a beamwidth 
smaller than 60° at half power points, be broadband, 
and be steerable by phasing so that nlOre observing 
time can b e attained. It would be advantageous to 
have a large antenna system both froln the point of 
view of having directional resolution to separate pos-
sible sources and to obtain greater sensitivity to detect 
weak signals. 
c. Deployment 
I) Preferential Location or Type of Location on the Lunar 
Surface: Mare; terrain should be smooth with no irregu-
lariti es greater than one-tenth of a wavelength. 
2) Preferential Lunar Phase: Day 
3) Location(s) Relative to LEM/Shelter Where Experiment 
is to be Performed: As close as is feasible with limita-
tions with regard to avoiding any noise generated by/ 
wi thin the LEM / Shel te r . 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: The large size of an antenna capable of opera-
tion at low frequencies necessitates a wheeled vehicle 
for deployment. Weight is not the critical factor, since 
first generation antennas will like ly be long wires strung 
out on the lunar surface. The receiving equipment rnay 
be handcarri ed. 
d. Supporting Experim en tation 
I ) Any Requirement for Support by Simultaneous Earth/ 
Lunar /Spac e Observations or Activities: No supporting 
experimentation is required; however , simultaneous 
terrestrial observations to link the low frequency obser-
vations wi th highe r frequ e ncy emis sions would be 
desirable. 
2) Any R e gui r e lnent for Pr e reguisi te Earth/ Lunar /Spac e 
Experinlentation: It is necessary to know the antenna 
ilupedance on and above the lunar surface, th e radiation 
enviromnent £rOIn an e quiprnent standpoint, the 
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electrostatic charging of the lunar surface layer, the 
extent and density of the lunar ionosphe re, and the 
therITlal properties of the lunar surface. 
COITlITlon EquipITlent: All equipITlent for observation of 
low frequency radiation frOITl the planets and galaxy 
with the following exception: the antenna to be used for 
such things as source identification and galactic ITlapping 
would have to be larger and ITlore directional than that 
used for observation of the Jupiter and solar bursts. 
May ITlake use of power source, data storage and data 
transITlission facilities of an EITlplaced Scientific Station. 
4) TiITle Sequence Relationship: Continuous operation and 
selective saITlpling by the teleITletry systeITl. 
e. ExperiITlent Continuity and Relationship to Other Efforts 
l) Relationship of This ExperiITlent to Additional Steps or 
Phase Required to Satisfy Overall Objective: It will be 
necessary to deterITline at which frequencies or frequency 
bands and at what intensity levels the sun e ITlits in order 
to design future experiITlents. 
2) R e lationship of Proposed ExperiITlent to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to COITlITle nce: Within the next several years, 
low-frequency radio astronoITlY observations will be 
ITlade by certain NASA-planned Explorer satellites. 
The objectives of the Radio AstronoITlY Explorers (RAE) 
ar e ITleasureITlents of the intensi ty of radio signals froITl 
celestial sources as a function of frequency, position, 
and tiITle, with a sOITlewhat directive antenna. Observa-
tions of terrestrial and celestial noise will be ITlade froITl 
about a 6000 kITl earth orbit. At this altitude the satel-
lite is within the ITlagnetosphere, but the observations 
should still ext end down to around 0.5 MHz, the local 
plasITla frequency. A survey of the galaxy, solar 
corona, and the planets should prove valuable to cur-
rent technology and should provide further inputs for 
planning lunar exp er iITlents in radio astronoITlY. 
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5. OPERATIONS 
6. 
a. Duty Cycle 
1 ) 
2) 
Expected Number and Duration of Operational Periods: 
Equipment to be in continuous ope ration but observation 
time to be divided between cosmic background, sun, 
Jupiter and other planets. 
Interval Between Operational Periods: Not Applicable 
3) Total Duration of Experiment: One year 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Estimated 3 hours 
b) Checkout and Calibration: Estimated 15 minute s 
c) Standby: None 
d) Experimentation: Not Applicable 
2) Crew Procedures Required: Initial installation and 
calibration and maintenance (repairs, etc., if neces-
sary). 
3) Crew Skills Required: None required, but general 
electronics background would be desirable. 
4) Importance of Astronaut Participation: Neces sary for 
installation and initial calibration, maintenance, and 
to make any changes in system parameters based on 
results obtaine d. 
5) Crew Time Per Operational Sequence: Not Applicable 
6) Number of Experiment Sequences Per Mission: Not 
Applicable 
APPARA TUS DESCRIPTION 
a. Proposed Methods of Measurement: Radiometer system 
(include s antenna, swept frequenc y receiver, calibration 
source, attenuator, programming circuitry, temperature 
sensors, and voltage regulator). It is assumed that power, 
timing, data storage, and telemetry will be provided by the 
Emplaced Scientific Station. 
5.1.5.5 
'" 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Antenna System 
b) Size Stored: 1 cu. ft 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 10 Ib 
e) Size Operating: 10km 
f) Pressurized or Unpressurized (operating): 
U npre s surized 
g) Frequency Spectrum: 1 kHz - 10 MHz 
h) Resolution: 60 degrees 
i) Pointing Accuracy: 5 degrees 
2) De sc ription of Following for Component: 
a) Equipment Name: Receiver Package (includes 
swept frequency receiver, calibration source, 
attenuator, programming circuitry, temperature 
sensors, and voltage regulator) 
b) Size Stored: 8 inch cube (8 X 8 X 8) 
c) Pres surized or Unpre ssurized (stored): 
Unpres surized 
d) Weight: 4 Ib 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating ): 
Unpressurized 
g) Frequency Spectrum: Selected bands in the 
range 1 kHz - 10 MHz 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Antenna impedance measurements and density of the lunar 
ionosphere 
d. Ancillary Equipment: Receiver test equipment 
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e. Required Development 
1 ) Principal Apparatus Requiring Development: Broad-
band d i rectional antenna to operate in the range 1 kHz -
10 MHz 
2) Estimated Time Required for De l ivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 1 year 
3) Current Status of Experiment , Especially Present 
State-of-the-Art: Receiver package has been developed. 
Antenna system will be unique, yet experience with 
long wire antennas on los s y media has been accumulated 
by groups doing VLF work in Antarctica . 
7. INT ERFACES 
a. Proposed Experiment Location: Midpoint of the long antenna 
should be close to the Emplaced Scientific Station. The re -
ceiver package can be placed on the lunar surface at the center 
of the antenna, in which case it must have its own environ-
mental system, or can remain in the ESS. 
b . Instrument Orientation and Stabilization: The antenna will 
lay on the lunar surface . 
c. Access Requirements: Astronaut should be able to service 
antenna and receiver package if necessary. 
d. Environmental Requirements: Thermal protection of elec -
tronics' instrumentation packages, and structural seals 
may be accomplished with passive - type systems composed 
of insulation and an outer surface with desirable radiative 
properties to nullify effects of extreme temperature fluctua-
tions. Lunar surface radiation characteristics also can be 
modified by suitable reflective ground cove r around the base 
of the emplaced equipment. 
Radiation from solar wind, solar flares, and cosmic rays 
will necessitate appropriate protection of the emplaced 
equipments . Radiation effects may range from macro-
scopic changes (heating, a c tiv ation, or destruction of 
materials) to mic ros c opic changes that are only apparent 
under unusual c onditions. Materials and objects differ 
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considerably in their tolerance to radiation. Semiconductor 
devices, with operation dependent on minority-charge car-
riers, are more sensitive to ionization and atomic displace-
ments than conductors where mobile electrons are plentiful. 
lVle ceorite eiiects, both irom primary meteorOIdS or second-
ary ejecta (with less than escape velocity of 2.68 km/sec), 
may pose design problems, especially with respect to ex-
posed antennas. In the case of the wire antennas, a 
multistrand-type may increase reliability for long-term 
operation. Lunar dust also must be considered in experi-
ment de sign. The electrical charge buildup resulting from 
particle bombardment may cause lunar dust to be attracted 
to and adhere to insulated surfaces, especially those that 
move. 
e. Power Requirements 
1) Average Power and Time Duration: 8 watts - more 
could be usefully employed if available; continuous 
operation of equipment. 
2) Peak Power and Time Duration: Peak power will be 
required during calibration - 10 watts. 
3) Standby Power and Time Duration: Not Applicable 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Analog 
b. Data Characteristics 
1 ) Range of Measurement 
Minimum Signal 
Maximum Signal 
Resolution 
Physical Units 
104 oK 
(brightness temp. 
Not Applicable 
2) Accuracy: ±250/0 absolute flux density 
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Electrical Units 
1. 0 volt 
5 . 0 volts 
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c. 
3) Frequency Response: Will be determined by the sweep 
time and the bandwidth being swept. 
4) Output Impedance(s): Unknown 
Expected Data Activity: When the sun is not radiating or is 
not in the antenna beam, a slower sampling rate can be 
employed to study the presumably continuous cosmic noise 
background. 
d. Selective Monitoring: Not Applicable 
e. Data Preprocessing: None 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: None 
2) Data Acquisition Period: Data storage 
3) Postflight Analysis Period: Electronic computer -
earth-based 
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2. 
EXPERIMENT IDENTIFICATION AND DESCRIPTION 
TITLE: Radio Astronomy at Millimeter Wavelengths - Discrete 
Cosmic Source Observations 
APPLICA TIONS/ TECHNICAL AREA 
a. 
b. 
c. 
General Area: Astronomy 
Detailed Category: Cosmic Radiation at Millimeter 
Wavelengths 
Other Interested U. S . Agencies: National Science 
Foundation - National Radio Astronomy Observatory, 
NASA - Goddard 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Brown Engineering Company, Inc., 
North American Aviation, Inc., [13] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
l) Specific Objective and Purpose: Millimeter obser-
vations of the discrete cosmic radio sources to extend 
source spectra, obtain linear polarization character-
istics and Faraday rotation data, and provide a sky 
map of millimeter sources. 
2) Significance and Import of the Expected Results: A 
flux measurement could be combined with such meas-
urements at longer wavelengths to extend the spectra 
of the sources. For most extra-galactic radio sources, 
the emission mechanism is assumed to be synchrotron 
radiation by ultra- relativistic electrons in magnetic 
fields. Accurate spectra help to determine such prop-
erties as the energy content of the electrons, the mag-
netic field strength, and possibly the age of the radio 
source. 
In addition to flux information, measurements of the 
linear polarization characteristics of radio sources 
would be extremely valuable. Nearly all extra-galactic 
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radio sources should exhibit linear polarization at 
millimeter wavelengths. Typically, the degree of 
polarization decreases as the wavelength increases. 
The rate at which this depolarization occurs is 
governed by the intrinsic source properties, which 
can thus be extracted from the measurements. 
It is well known that the plane of polarization rotates 
as an electromagnetic wave passes through a mag-
netoionic medium (Faraday rotation). The amount of 
this rotation is proportional to the square of the wave-
length. Consequently, at millimeter wavelengths very 
little rotation has occurred, and the measured plane 
of polarization is an intrinsic source property. Ac-
cording to the synchrotron theory, this plane of polari-
zation is always perpendicular to the direction of the 
magnetic field. Needless to say, a knowledge of the 
magnetic field orientation is a necessity in understanding 
the structure of the extra- galactic radio sources. 
Furthermore, Faraday rotation measurements permit 
determination of the magnetoionic conditions between 
the emitting source and the receiver . 
3) Description of the Key Techniques and Scientific! 
Technical Approaches Required: All of the proposed 
experiments can be carried out with presently available 
equipment, modified to withstand the mis sion environ-
ment. Furthermore, all the experiments can be carried 
out with the same equipment operated from a fixed site. 
The antenna should be a fully steerable parabolic 
reflector. This is certainly the most flexible type of 
antenna. In addition, it is easily incorporated into an 
array. It is preferred that the feeds be rotatable for 
polarization measure ments . 
A standard superheterodyne receiver can be used. 
Preferably this would be tunable throughout the wave-
length range from I to IO millimeters. For the meas-
urements, man would be used primarily for the initial 
installation and calibration after which the operation 
could be primarily automatic. 
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b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Intensity, apparent position, 
apparent size, temporal variations, polarization 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: An antenna diameter of 50 feet 
would certainly be adequate for preliminary obser-
vations . With such an antenna and a conventional 
present-day receiver, it should be possible to detect 
the planets Venus, Jupiter, Mars, and earth, as well 
as the sun, at wavelengths of 4 millimeters and shorter. 
In addition, it may be possible to detect a few (probably 
less than five) discrete radio sources. 
The half-power beamwidth at 1 millimeter will be of 
the order of O. 005 0 • This is sufficiently small to 
permit brightnes s distributions of the sun and earth. 
Adopting the criterion that the surface accuracy be 
good to 1/10 wavelength, an accuracy of O. 1 milli-
meter or 10- 4 m is desired. 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Consistent with antenna requirements 
2) Preferential Lunar Phase: Depends on object to be 
studied 
3) Location(s) Relative to LEM/Shelter Where Experi-
ment is to be Performed: As close as is feasible 
with limitations with regard to avoiding any noise 
generated by/within the LEM/Shelter, and steerability 
of the antenna. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Antenna installation may require a wheeled 
vehicle. Receiving equipment can be handcarried . 
5.1.6.3 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Simultaneous 
terrestrial backup observations to link the millimetric 
observations with centimeter emissions (observable on 
earth) would enhance the overall results of the experi-
ment. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Such things as solar winds, solar 
flare s, galactic radiation, lunar surface composition, 
meteorite bombardment, seismic action and solid tides, 
atmosphere, pressure, light (both in daytime and night-
time operations), and thermal properties will affect the 
design of the equipment. 
3) Common Equipment: All equipment for millimetric 
observations of the sun and planets 
4) Time Sequence Relationship: Not Applicable 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Second 
generation experiments will incorporate greater angular 
resolution and higher sens itivity . 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Submillimeter investigations 
are presently being conducted at the Lunar and Planetary 
Laboratory of the University of Arizona. 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
The equipment will be in continuous ope ration. 
2) Interval Between Operational Pe riods: Not Applicable 
3) Total Duration of Experiment: Indefinite 
5.1.6.4 
io 
~ 
... 
~ 
b. Crew Requirements and Procedures 
l) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Unknown 
c) Standby: None 
d) Experimentation: Unknown 
2) Crew Procedures Required: Initial installation and 
calibration and maintenance (repairs, etc., if neces-
sary). 
3) Crew Skills Required: Familiarity with electronics 
equipment, parabolic antennas. 
4) Importance of Astronaut Participation: Necessary for 
installation and initial calibration, maintenance, and 
to make any changes in system parameters based on 
results obtained. Guidance of the steerable paraboloid 
may also require astronaut participation. 
5) Crew Time Per Operational Sequence: Unknown 
6) Number of Experiment Sequences Per Mission: Not 
defined 
6. APPARATUS DESCRIPTION 
a . Proposed Methods of Measurement: Radio telescope and 
related equipment 
b. Apparatus Description 
l) Description of Following for Component: 
a) Equipment Name: Parabolic Antenna 
b) Size Stored: Unknown 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: Unknown 
e) Size Operating: 50 it diameter reflector 
£) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Ku band and up (l0 mm - 1 mm) 
h) Resolution: lO sec of arc at 1 mm 
i) Pointing Accuracy: lO sec of arc at 1 mm 
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2) Description of Following for Component: 
a) Equipment Name : Receiver Package 
b) Size Stored: I cu. £t 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 10 lb 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: 30 - 300 GHz 
h) Resolution: Bandwidth undetermined 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Simultaneous observation at long wavelengths from a 
lunar site. 
d. Ancillary Equipment: Receiver test equipment 
e. Required Development 
I) Principal Apparatus Requiring Development: Milli-
meter wave antenna to withstand lunar environment 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 2 years 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Measurements have been attempted 
out to I mm from earth-based sites. 
7. INTERFACES 
a. Proposed Experiment Location: Must be isolated from 
any equipment radiating at the frequencies over which the 
antenna tunes. 
b. Instrument Orientation and Stabilization: Steering about 
a polar axis 
c. Acce s s Requirements: Astronaut should be able to service 
antenna and receiver package if necessary. 
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d. Environmental Requirements: Thermal protection of 
electronics, instrumentation packages, and structural 
seals may be accomplished with passive-type systems 
composed of insulation and an outer surface with desirable 
radiative properties to nullify effects of extreme tempera-
ture fluctuations . Lunar surface radiation characteristics 
also can be modified by suitable reflective ground cove r 
around the base of the emplaced equipment. 
Radiation from solar wind, solar flares, and cosmic rays 
will necessitate appropriate protection of the emplaced 
equipments. Radiation effects may range from macroscopic 
changes (heating, activation, or destruction of materials) 
to microscopic changes that are only apparent under unusual 
conditions. Materials and objects differ considerably in their 
tolerance to radiation . Semiconductor devices, with opera-
tion dependent on minority-charge carriers, are more sensi-
tive to ionization and atomic displacements than conductors 
where mobile electrons are plentiful. 
Meteorite effects, both from primary meteoroids or 
secondary ejecta (with less than escape velocity of 2.68 
km/ sec), may pose design problems , especially with re-
spect to exposed antennas. In the case of the wire antennas, 
a multistrand-type may increase reliability for long-term 
operation. Lunar dust also must be considered in experiment 
design. The electrical charge buildup resulting from solar 
wind may cause lunar dust to be attracted to and adhere to 
insulated surfac e s , especially those that move. The elec-
trical charg e buildup effects can be prevented by having 
every pos sible surface electrically conducting and grounded. 
e. Power Requireme nts: Unknow n 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Analog 
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b. Data Characteristics 
l) Range of Measurement: 
Physical Units 
Minimum Signal Unknown 
Maximum Signal Unknown 
Resolution lO sec of arc at 1 mm 
2) Accuracy: ±lO% absolute flux density 
3 ) Fr e quency Response: Unknown 
4) Output Impedance(s ): Unknown 
Electrical Units 
c. Expe cte d Data Activity: When this system is not being used 
to monitor the cosmic sources, it will be investigating the 
sun and planets. 
d. Sele ctive Monitoring: Astronaut may participate in steering 
the ante nna when it is desired to switch from one source to 
another. 
e. Data Preprocessing: It mig ht be possible to reduce the 
amount of stored information by calculating average values 
and standard deviations ove r certain time intervals and 
storing them. 
9. SUPPLE MENTARY INFORMATION 
a . Dis cu s sion of Facilitie s and Procedur e s Needed for This 
E x p e rime nt 
l) Pr e flight P e riod: None 
2) Da t a Acguisition P e riod: Data stora g e 
3 ) Postflight Analysis Period: El e ctroni c c ompute r -
ea rth- bas e d 
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1. 
EXPERIMENT IDENTIFICATION AND DESCRIPTION 
TITLE: Detection of a Lunar Ionosphere and Study of the 
Electromagnetic Properties of the Lunar Surface 
and Subsurface Materials 
2. APPLICATIONS/ TECHNICAL AREA 
a. 
b. 
General Area: Astronomy 
Detailed Category: Antenna Characteristics on the Lunar 
Surface and Ionospheric Physics 
c. Other Interested U. S . Agencies: NBS - CRPL Boulder, 
NASA - Goddard 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Brown Engineering Company, Inc., 
North American Aviation, Inc. I [13] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
I) Specific Objective and Purpose: To measure antenna 
impedance as a function of frequency to detect the 
expected anomaly at the frequency corresponding to 
the plasma critical frequency. 
To measure antenna impedance as a function of 
antenna length to det e ct subsurface anomalies and 
electrical characteristics of the lunar surface. 
2) Significance and Import of Expected Results: It is 
not expected that an ionospheric-layer communications 
technique will be feasible on the moon since it is known 
that any lunar ionosphere that may exist must be ex-
tremely tenuous. Howeve r, a study of the ionospheric 
parameters is of intrinsic interest, and this could be 
done by measuring antenna impedance as a function of 
frequency in the 30 to 300 kHz range . This would 
encompass the expected plasma frequency of the lunar 
ionosphere and its day - to-night variation. It might be 
feasible at low er frequencie s to detect harmonic s of 
the gyro-frequency of the electrons, as suming the 
presence of some lunar magnetism. 
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The induction field of a very low frequency antenna on 
the lunar surface would extend to a depth comparable 
to its length (assuming that the conductivity is not high). 
Thus measurements of antenna impedance as a function 
of frequency could be used to study the electrical pro-
perties of the lunar crust to considerable depth. At 
10 kHz, for example, the radio wavelength is 30 kilo-
meters, and an antenna several kilometers long, de-
ployed on or near the lunar surface, would have an 
impedance that depended on the characteristics of the 
crust material to a depth of the order of the antenna 
length. Measurements with various length antennas 
and at various frequencies should make it possible to 
study these crust parameters as a function of depth. 
Sudden discontinuities, such as a possible submerged 
permafrost layer or a change from highly expanded 
surface material to a more solid base structure, should 
be readily apparent from such measurements. It has 
been suggested that point-to-point communications on 
the moon might be accomplished using low frequencies 
propagating through the lunar crust. The proposed 
electromagnetic study of the subsurface layers is 
needed for the design of such a communication system. 
It may be of interest to note that a program has been 
funded for the study of ice layers in Greenland and in 
Antarctica using similar electromagnetic techniques. 
The antenna impedance measurements are necessary 
for accurate calibration of succeeding radio astronomy 
experiments. It is to be noted that properties such as 
complex dielectric constant and plasma frequency can 
be obtained from the calibration procedures and re-
sults. Thus, data requirements will be relatively low 
and only one complete set of measurements would be 
required for a single site. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Antennas of known 
properties relative to a ground plane on earth will be 
installed on the lunar surface. The complex imped-
ance as a function of frequency and antenna dimensions 
(length, diameter) will be measured and correlated 
with measurements on earth . The lunar surface pro-
perties will be deduced. 
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b. Measurements and Data 
1 ) Particular Phenomena and Characteristics to be 
Observed and Measured: Plasma frequency, electron 
density measurements, electron gyro frequency effects, 
complex antenna impedance 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Wide bandwidth antenna( s) with 
sufficient gain 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Not Applicable 
2) Preferential Lunar Phase: Day and night 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: At sites where permanent 
antenna installation is required for other experiments. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Antenna installation may require wheeled 
vehicle; receiving equipment can be handcarried. 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: None 
2) Any Requirement for Pre requisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment: The simple antennas used for the 
low frequency investigation of the sun and planets could 
be adapted to impedance measurements. The receiving 
system should be tunable over a broadband of frequencies. 
May make use of power source, data storate and data 
transmission facilities of an Emplaced Scientific Station. 
4) Time Sequence Relationship: A set of impedance meas-
urements at various frequencie s for selected lunar 
phases . 
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e . Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: This 
experiment will be performed before, and along with, 
low frequency radio observations of the sun, Jupiter, 
other planets, galactic and extra- galactic sources . 
These studies of surface and subsurface properties 
should be correlated with other lunar experiments . 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Ionospheric physics - NBS, 
CRPL - Boulder; antenna impedance - NASA Goddard 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Several survey measurements to be taken at beginning 
of mis sion. Sets of measurements spaced throughout 
a lunation. 
2) Interval Between Operational Periods : Unknown 
3) Total Duration of Experiment: At least one year 
b. Crew Requir e ments and Procedures 
1 ) Estimation of Crew Time Required For: 
a) Setup: Estimated 3 hours 
b) Checkout and Calibration: Estimated 1 hour 
c) Standby: None 
d) Experimentation : Not Applicable 
2) Cr e w Procedures Required: Antenna installation, 
c a libration, and maintenance 
3) Cre w Skills Required: Familiarity with electronics 
equipment 
4) Importanc e of Astronaut Participation: Necessary for 
installation and chang ing of system parameters based 
on results obtained. 
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5) Crew Time Per Operational Sequence: Unknown 
6) Number of Experiment Sequences Per Mission: Not 
defined 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Measure impedance 
of various antennas 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Antennas 
b) Size Stored: 1 cu. ft 
c) Pre s surized or Unpre s surized (stored): 
Unpressurized 
d) Weight: 10 lb 
e) Size Operating: IOkm 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: 1 kHz - 10 MHz 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
2) Description of Following for Component: 
a) Equipment Name: Impedance Probe - swept 
frequency 
b) Size Stored: 4 inch cube (4 X 4 X 4) 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 3 lb 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Selected bands in the 
range, 1 kHz - 10 MHz 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
None 
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d. Ancillary Equipment: None 
e . Required Development 
I) Principal Apparatus Requiring Development: 
Antennas 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: I year 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Impedance measuring devic es have 
been installed on satellites. Experience with long wire 
antennas on lossy media has been accumulated by group s 
doing VLF work in Antarctica. 
7. INTERFACES 
a . Proposed Experiment Location: Midpoint of the long 
antenna should be close to the Emplaced Scientific Station. 
b. Instrument Orientation and Stabilization: Antennas will lay 
on or just above the lunar surface. 
c. Access Requirements: Astronaut should be able to service 
antenna and impedance probe package if necessary. 
d. Environmental Requirements: Thermal protection of 
electronics, instrumentation packages, and structural 
seals may be accomplished with passive-type systems 
composed of insulation and an outer surface with desirable 
radiative properties to nullify effects of extreme tempera-
ture fluctuations. Lunar surface radiation characteristics 
also can be modified by suitable reflective ground cover 
around the base of the emplaced equipment. 
Radiation from solar wind, solar flares, and cosmic rays 
will necessitate appropriate protection of the emplaced 
equipments. Radiation effects may range from macroscopic 
changes (heating, activation, or destruction of materials) 
to microscopic changes that are only apparent under unusual 
conditions. Materials and objects differ considerably in 
their tolerance to radiation . Semiconductor devices, with 
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operation dependent on minority-charge carriers, are 
more sensitive to ionization and atomic displacements 
than conductors where mobile electrons are plentiful. 
Meteorite effects, both from primary meteoroids or 
secondary ejecta (with less than escape velocity of 2.68 
km/ sec), may pose design problems, especially with 
respect to exposed antennas. In the case of the wire 
antennas, a multistrand-type may increase reliability for 
long-term operation. Lunar dust also must be considered 
in experiment de sign. The electrical charge buildup re-
sulting froITl particle bombardITlent may cause lunar dust 
to be attracted to and adhere to insulated surfaces, es-
pecially those that move. 
e. Power Requirements: Unknown 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Analog 
b. Characteristics 
l) Range of Measurement: MiniITlum and ITlaximum 
signal, unknown; spatial resolution, not applicable 
2) Accuracy: Unknown 
3) Frequency Response: Will be determined by the sweep 
time and the bandwidth being swept. 
4) Output Impedance(s): Unknown 
c. Expected Data Activity: Sets of measurements spaced 
throughout a lunation to sample ionosphere and surface 
conditions as a function of lunar phase. 
d. Selective Monitoring: Not Applicable 
e. Data Preprocessing: May be possible to reduce the amount 
of stored information by calculating average values and 
standard deviations over certain time intervals and storing 
them . 
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9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
l) Preflight Period: None 
2) Data Acquisition Period: Data storage 
3) Postflight Analysis Period: Electronic computer -
earth based 
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1. 
EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
TITLE: Low Frequency Observations of NontherITlal Radiation 
froITl Jupiter and a S e arch for Such Radiation from the 
Other Planets 
2. APPLICA TIONS/ TECHNICAL AREA 
a. General Area: Astronomy 
b. Detailed Category: Low Fre quency Radiation from the Planets 
c. Othe r Inter ested U. S. Agencies: NBS-Boulder, Office of 
Naval Research, National Science Foundation, NASA-Goddard, 
U. S. Army Research Offic e -Durham 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of E x p eriment: Public dOITlain 
b. All Other Contacts: Brown Engineering Co., Inc., North 
American Aviation, Inc. 
4. OBJEC TIVE AND SC OPE 
a. Objective and Significance 
1) Specific Objective and Purpose: The sporadic bursts 
from Jupiter at decameter wavelengths are strongly 
correlated with Jovian longitud e indicating that the 
sources of radiation are linked to the disk of the planet. 
The intensity of the emissions inc r eases as the frequency 
decreases froITl 30 MHz to 5 MHz, the latter being the 
ionospheric cutoff. Observations of Jupiter at frequen-
cies b e low 5 MHz are necessary to e stablish the spectral 
distribution of the emission. This is information cri ti -
cal to the problem of determining the source m echanism. 
Another nonthermal compon e nt of emission which occurs 
in the microwave part of the spectrum is believed to 
originate in Jovian Van Allen belts where trapped elec-
trons radiate by the synchrotron process. Long-term 
monitoring of the d ec ametric radiation would undoubtedly 
yield evidence of propagation effects in interplanetary 
space, correlation with solar activity, and would in-
crease our knowledge of another magnetospheric sys-
tem, p erhaps much like our own on a large r scale. 
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Exc epting the sun, Jupiter is the only confirmed non-
thermal source of low frequency radio enlission in the 
solar system. A search at lower frequ e ncies for other 
sourc e s could be made frOlU the moon. 
Radio astronomical inve stigations of the ea rth can yield 
valuabl e information on the ionosphere, magnetosphere, 
and Van Allen radiation zone s. The latter probably 
provide magnetic Bremsstrahlung emissions which 
might be detected from the moon. Magne toionic luodes 
of propagation and ionospheric focusing of radio waves 
a r e also possible are as of investigation. Occultation 
exp e riments with the aim of detecting propagation effects 
caus e d by the interposition of the earth! s ionosphe r e or 
magnetosphe re between the source and the moon can 
yi e ld valuable data on the terrestrial environment. 
2) Significance and Import of Expected Results: The spec-
tral distribution of the Jovian decametric radiation is 
vital to theories concerning the origin of the e mission -
total energy involved , particle densities r e quired, and 
effici enc y of the conversion luechanisnl. Dynamic 
spectra (frequenc y versus time plots) and polarization 
studies at these low frequencies nlight unrave l the 
myste ries of the planet! s magne tic field. An examina-
tion of the pulse structur e , unaltered by the terr e strial 
ionosphere, could yield information about Jupiter! s 
ionosphere or magne tosphere and solar influences. 
The re h ave been r e p orts of pos sibl e e mis s ions frorn 
S atur n a t low fr e que nci e s. These do not, at pres e nt, 
cons titute hard evidence . Sinc e luode rn theor i es t e nd 
to associate a planet!s m .agnetic field with its rate of 
rotation, Saturn might b e expected to e mit b ecause of 
its s imila rity to Jupiter in this respect. The fact that 
no conJirrne d nonthe rnlal radiation £rOln the ringed 
plane t has b een detected could b e the fault of listening 
a t th e wrong fr e qu e nci es . Here again, monitoring at 
l ow fre qu e n c ies, unhind e r ed by an ionosphere and 
atrnosph e ric and man-rnade inte rferenc e , could solve 
the riddle. 
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3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The first experiIT1ents 
could eIT1ploy siIT1ple low-gain broadband antennas with 
later experiIT1e nts designed around larger and IT10re COIT1-
plex antenna systeIT1s for finer directional resolution and 
for polarization IT1easureIT1e nts. All IT1easureIT1ents could 
be IT1ade at a fixed site. Eventual growth of antenna size 
to include long baseline interferoIT1etry would iIT1ply sites 
several kiloIT1eters apart. For these IT1easureIT1ents, 
IT1an would be used priIT1arily for the initial installation 
and calibration, after which the operation could be 
priIT1arily autoIT1atic. If systeIT1 paraIT1eters need to 
be changed froIT1 the original design, based on results 
that are obtaine d, then it would be iIT1portant to have 
a IT1anned c e ntral site for such chang e s, as well as 
for IT1aintenance. 
In addition to nonsteerable broadside arrays, IT10re 
cOIT1plex ante nna systeIT1s such as phased arrays, IT1ul-
tiple sIT1all apertures along a baseline, and cross-type 
antennas will be considered. Although IT1any objectives 
can be reache d by locating the radioIT1eter systeIT1 on 
the earthside of the IT1oon, SOIT1e of the objectives IT1ay 
require a backside site in order to obtain the IT1axiIT1uIT1 
signal-to-noise ratio. 
The priIT1ary t e chnical probleIT1 will be the design of 
the broadband, low f r e qu e ncy ante nna systeIT1. 
b. MeasureIT1ents and Data 
1) Particular Phe noIT1 e na and Characte ristics to be 
Observed and M e asur e d: The IT1e chanisIT1s of e IT1is-
2) 
sion that will b e inve stigated are believed to be non-
the rIT1al, i. e ., orde red or re sonance proces s e s. The 
following characte ristics should b e IT1easured: intensity, 
spectruIT1, puls e structure, polarization, teIT1poral 
variations, and apparent posi tion. 
Resolution Neede d to Successfully Observe the 
PhenoIT1e na Ab o v e: For planetary observations at low 
freque nci e s, the ante nna syste IT1 should have a beaIT1-
width sIT1all e r than 60 ° , b e broadband, and be steerable 
by phasing so that IT10r e obs e rving tiIT1e is realized. 
5. 1. 8. 3 
It would be advantageous to have a larg e antenna sys-
tem both from the point of view of having directional 
resolution to separate p ossible sources and to obtain 
greater sensitivity to detect w eak signals. 
c. D e ployment 
1) Preferential Location or Type of Location on the 
Lunar Surface : Mare; terrain should be smooth with 
no irregularities greater than a tenth of a wavelength. 
2) Pr e ferential Lunar Phase: This will be determined by 
existence of a lunar ionosphere, electrical characteris-
tics of the lunar surface during day and night and varia-
tions in antenna impedance, and posi tion in the sky of 
the object under investigation. 
3) Lo cation(s) Relative to LEM/She lter Where Experi-
nlent is to be P erformed: As close as is feasible with 
limitations w ith regard to avoiding any noise generated 
by/within the LEM/Shelte r. 
4) M e thod of D e ployment of Instrurnentation from LEM/ 
Shelter: The l arge siz e of an antenna capable of op e ra-
tion at low fre quencies necessitates a wheeled vehicle 
for d e ploynlent. Weight is not the critical factor, since 
first genera tion a ntennas will likely b e long wires strung 
out on the lunar surface. The receiving equipnlent Jnay 
be handcarried. 
d . Supporting E x p e rim.enta tion 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Obs e rvations or A c tiviti e s: Sinlultaneous 
t erres trial backup observations to link the low fr e que ncy 
observations with the higher fr e quency e missions of the 
sources might provide a nlethod o f source identific a tion 
that would b e desirabl e (due to large beamwidth of antenna 
s ys t em ). 
2) Any Requi r e rnent for Pr e r e qui S1 t e Earth/ Luna r /Space 
Exp e rirnentation: It is n ec ess a ry to know th e antenna 
irnp e dance on and above the lunar surface, th e radi ation 
e nvironrnent fro n1 a n e quiprnen t standpoint, the ele c tro-
static cha r gi ng of the lunar surface l ayer , the ex t e nt 
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and density of the lunar ionosphere, and the thermal 
propertie s of the lunar surface. 
3) Common Equipment: All equipment for observation of 
low frequency radiation from the galaxy and sun wi th 
the following exception: the antenna to be used for such 
things as source identification and galactic mapping 
would have to be larger and more directional than that 
used for observation of the Jupiter and solar bursts. 
May make use of power source, data storage and data 
transmission facilities of an Emplaced Scientific Station. 
4) Time Sequence Relationship: Continuous operation and 
selective sampling by the telemetry system. 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps or 
Phase Required to Satisfy Overall Objective: It will be 
neces sary to determine at which frequencies or frequency 
bands and at what intensi ty levels the sources emit in 
order to design future experiments. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Within the next several years, 
low frequency radio astronomy observations will be 
made by certain NASA-planned Explorer satellites. 
The objectives of these Radio Astronomy Explorers 
(RAE) are measurements of the intensity of radio 
signals from celestial sources as a function of fre-
quency, position, and time, with a somewhat directive 
antenna. Observations of terrestrial and celestial 
noise will be made from about a bOOO-kilometer earth 
orbit. At this altitude the satellite is within the mag-
netosphere, but the observations should still extend 
down to around 0.5 MHz, the local plasma frequency. 
A survey of the galaxy, solar corona, and the planets 
should prove valuable to current technology and should 
provide further inputs for planning lunar experiments 
in radio astronomy. 
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5. OPERATIONS 
a. Duty Cycle 
I) Expected Number and Duration of Operational Periods: 
Equipment to be in continuous operation but observation 
time to be divided between cosmic background, sun, 
Jupiter, and other planets. 
2) Interval Between Operational Periods: Not Applicable 
3) Total Duration of Experiment: One year 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Estimated 3 hours 
b) Checkout and Calibration: Estimated 15 minutes 
c) Standby: None 
d) Experimentation: Automatic 
2) Crew Procedures Required: Initial installation and 
calibration and maintenance (repairs, etc., if neces-
sary) 
3) Crew Skills Required: None required, but general 
electronics background desirable 
4) lrnportance of Astronaut Participation: Necessary for 
installation and initial calibration, maintenance, and 
to make any changes in systern parameters based on 
results obtained 
5) Cre w Time Per Operational Sequence: Not Applicable 
6) Nurnber of Experiment Sequenc e s Per Mission: Not 
Applicable 
6 . APPARATUS DESCRIPTION 
a . Proposed Methods of Measurement: Radiorneter system 
(includes antenna, receivers, calibration source, attenuation 
progralnlning circuitry, temperature sensors, and voltage 
regulator). It is assurned that power, timing, data storage, 
and telelnetry will be provided by the ernplaced scientific 
station. 
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b. Apparatus Description 
1) De scription of Following for COlnponent: 
a) Equipment Name: Antenna System 
b) Size Stored: 1 cu. ft 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: 10 1b 
e) Size Operating: 10 km 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: 1 kHz - 10 MHz 
h) Resolution: 60 degrees 
i) Pointing Accuracy: 5 degrees 
2) Description of Following for Component: 
a) Equipment Name: Receiver Package (includes 
receivers, calibration source, attenuator, pro-
gramming circuitry, temperature sensors, and 
voltage regula to r) 
b) Size Stored: S X S X S in 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: 4 Ib 
e) Size Operating: SXSXSin 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum: Selected bands in the range 
1 kHz - 10 MHz 
h) Resolution: Bandwidth undetermined 
i) Pointing Accuracy: Not Applicable 
c . Simultaneous Observations by Sensors Other Than Those 
Spec ifi ed Above Which Would Enhance the Experiment: 
Antenna impedance measurements and density of the lunar 
ionosphe re 
d. Ancillary Equipment: Receiver test equipment 
e. Required Development: 
1) Principal Apparatus Requiring Development: Broadband 
directional antenna to operate in the range 1 kHz - 10 MHz 
5.l.S.7 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Developnlent 
Go-Ahead: 1 year 
3) Current Status of Exp e riment, Especially Present 
State -of-the -Art : Receiver package has b ee n deve loped. 
Antenna system will be unique , yet experience with 
long wire antennas on lossy media has been accumu-
lated by groups doing VLF work in Antarcti c a. 
7 . INTERFACES 
a. Proposed Experiment Location: Midpoint of long antenna 
should b e clos e to the Emplaced Scientific Station. The 
re ceiver package can be placed on the lunar surface at the 
center of the antenna, in which case it must have its own 
e nvironmental system, or can remain in the ESS. 
b. Instrument Orie ntation and Stabilization: The antenna will 
li e on the lunar surface. 
c. A cce ss R e quir e ments: Astronaut should b e able to serVIce 
antenna and receiver packag e if n ece ssary. 
d. Environmental Requir ements: Thermal protection of e lec-
tronics, instrumentation packages, and structural seals 
rnay b e accomplished wi th passive -type systenis con1posed 
of insulation and an outer surface with desirable radiative 
properties to nullify effec ts of extrelne temperature fluc-
tuations. Lunar surfa ce radiation c hara c t eristics also can 
b e rnodified by suitable refl ective ground c over around the 
base of the emplace d e quipme nt. 
Radiati on froln solar wind, solar flares, and cosmIC rays 
will n ecess itate appropriate protec tion of the emplaced 
equipments. Radiation effects may rang e from macro-
scopic changes (heating, activation, or destruction of 
rnaterials ) to microscopic changes that are only apparent 
under unusual conditi o ns. Materials and objects differ 
considerably in their tolerance to radiation. S emi c onductor 
devices, with operation dependent on rninority-charge 
carri er s, are Ino r e sensitive to ionization a nd atomic dis-
placelnents than conductors where rnobil e e lectro ns a re 
plentiful. 
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Meteorite effects, both from primary meteoroids or secondary 
ejecta with velocity less than escape velocity (2.68 km/sec) 
may pose design problems, especially wi th re spect to exposed 
antennas. In the case of the wire antennas, a multistrand-
type may increase reliability for long - term operation. Lunar 
dust also must be considered in experiment design. The 
electrical charge buildup resulting from particle bombard-
ment may cause lunar dust to be attracted to and adhere to 
insulated surfaces, especially those that move . 
Power Requirements 
1) Average Power and Time Duration: 8 watts; more could 
be usefully employed if available; continuous operation 
of equipment. 
2) Peak Power and Time Duration: Peak power will be 
required during calibration - 10 watts. 
3) Standby Power and Time Duration: Not Applicable 
8 . SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Analog 
b. Data Characteristics 
1 ) Range of Measurement: 
Minim.um Signal 
Maximum Signal 
Resolution 
Physical Units 
I 04 oK 
1012 ° K 
Not Applicable 
Electrical Units 
l.OV 
5.0 V 
2) Accuracy: ± 25% absolute flux density 
3) Frequency Response: 100 Hz (based on a time constant 
of 0.01 sec) 
4) Output Impedance(s): Unknown 
5. 1. 8. 9 
c. Expected Data Activity: Jupiter and the planets are thought 
to be sporadic sources in the frequency range considered 
he re. When the se source s are not radiating or are not in 
the antenna beam, a slower sampling rate can be ernployed 
to study the presumably continuous cosmic noise background. 
d. Selective Monitoring: Automatic 
e. Data Pre-Processing: None 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: None 
2) Data Acquisition Period: Data storage 
3) Postflight Analysis Period: Electronic computer -
earth- based 
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1. 
EXPERIMENT IDENTIFICATION AND DESCRIPTION 
TITLE: Wide-Field Optical Observation of Variable, Low-
Brightness, Extended-Surface Phenomena of the 
Earth-Moon System 
2. APPLICATIONS/TECHNICAL AREA 
a. General Area: Astronomy 
b. Detailed Category: Wide-Field Optical Surveys 
c. Other Interested U. S. Agencies: National Science 
Foundation, NASA - Goddard 
3. SOURCE OF EXPERIMENTS AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: AURA - Kitt Peak, Smithsonian 
Astrophysical Observatory, NASA - Goddard, Harvard, 
Wisconsin, [12J, [15J 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: In the development 
of a lunar-based optical astronomy program, large 
(40- to 100-inch) telescopes will ultimately be re-
quired. These, however, must be reserved for future 
missions which will allow more than 2, 000 kg of instru-
ments. On earlier mis sions, much of the information 
necessary for the design of larger optical systems may 
be obtained using small, wide -field, photographic-
photoelectric systems . 
Although a small telescopic system (about l2-inch) 
could be useful in wide -field survey photography of 
the visible sky, studies of this nature may be per-
formed earlier by earth-orbiting systems. A signi-
ficant application, however, would utilize the stable 
low- background brightnes s to study variable, low-
brightness, extended surface phenomena of the earth-
moon system. This would include the zodiacal light, 
the gegenschein, the lunar lib ration clouds, and 
possibly the earth's extended magnetosphere. 
5.2.1.1 
2) Significance and Import of Expected Results: Virtually 
all of optical astronomy can, in one way or another, be 
done more effectively from the lunar surface than from 
the earth. To realize these advantages in a long range 
program will require placing on the lunar surface 
generalized telescopic facilities. The lunar optical 
program must be first facility-oriented and only 
secondly experiment-oriented. Thus, the most signi-
ficant results from an initial, small, wide-field system 
will not be specific observational data but information 
concerning the operation of optical instruments on the 
lunar surface. Implanted at an early stage in the lunar 
program, the small telescope could provide important 
data on the lunar environment fron an astronomical 
viewpoint before larger instruments were committed. 
One specific application of the system would be to 
determine the parallax of the gegenschein and study 
its brightness fluctuations. Another observation would 
involve direct imaging of the hydrogen geocorona sur-
rounding the earth by utilizing the scattered sunlight in 
the Lyman Q' region near 1100 A. It may even b e pos-
sible to obtain photographs of the shock wave produced 
by solar plasma impinging on the earth's magnetospheric 
boundary, and to examine the 11 wake" produced behind 
the earth. 
3) Description of the Key Techniques and Scientific! 
Technical Approach Required: The techniques required 
for this experiment are the same as those used in earth-
based, small instrument observations and are well known. 
All measurements would be made from a fixed site. Al-
though manned operation would appear to be most practical, 
the experiments could be performed by remote operation 
(using a photoelectric photometry scanning mode) after 
initial emplacement. Only modest operating and cali-
brating procedures would be involved. 
b. Measurements and Data 
I) Particular Phenomena and Characteristics to be 
Observed and Measured: A relatively simple, small 
telescope system could be used to directly photograph 
the zodiacal light, gegensche in, etc., for isophotometric 
studies of light intensity distribution. Alternately, a 
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scanning mode of photoelectric photometry (actually 
stepping and integrating) would provide a direct digital 
intensity readout that could be calibrated against 
standard stars. Photography, using different types of 
emulsions and selected filte rs, would be done at the 
Cassegrain focus. Photoelectric photometers will be 
used at the prime focus. 
It may be desirable to allow the substitution of a TV 
camera tube for the photographic plate. Use of a tube 
similar to that planned for the hand-held camera in the 
Apollo program would allow real-time transmission of 
the telescopic images. 
Resolution Needed to Successfully Observe the 
Phenomena Above: For initial astronomical obser-
vations, the minimum equipment should consist of a 
l2-inch aperture telescope with a focal ratio of about 
f/ 5 at the prime focus and f/ 10 at the Cassegrain focus. 
The focus for photography would be slower than the 
usual f/ 7, but exposure time can be longer on the moon. 
c. Deployment 
1) Preferential Location or Type of Location on the 
2) 
Lunar Surface: With the absence of an atmosphere 
(and thus no llseeingll problems) there would be no 
preferential locations insofar as the moon 1 s surface 
is concerned. Also, the initial observations should 
be made at a location from which the earth is visible. 
However, it has been pointed out that a prime objective 
is information contributing to future systems. It would 
be desirable to locate larger systems (40- to 100-inch) 
at a modest southern latitude. The lunar south rotational 
pole passes very nearly through the large Magellanic 
Cloud . A station located on the equator or in the northern 
hemisphere would place this highly interesting astro-
nomical object on or below the horizon. 
Preferential Lunar Phase: Night 
5.2. 1. 3 
3) Location( s) Relative to the LEM/ Shelter Where Experi-
ment is to be Performed: Should be located near to the 
LEM/Shelter Jor ease of intermittent manned operation 
but shielded from direct line of sight to eliminate stray 
artificial light from the shelter. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Probably handcarried, but size and weight may 
require a small wheeled vehicle. 
d. Supporting Experimentation 
1 ) Any Requirements for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: None required. 
Some additional information might be obtained from 
simultaneous observations from an earth-orbiting 
optical observatory. 
2) Any Requirements for Pre requisite Earth/ Lunar / Space 
Experimentation: None required. Similar equipments 
and experiments will probably be involved in earlier 
earth-orbiting systems. 
3) Common Equipment: No common equipment when the 
instrument is operated in the photographic mode. In 
the photoelectric photometry mode, common equipment 
would include power sources, data storage (magnetic 
tape), and data transmission facilities of the Emplaced 
Scientific Station. 
4) Time Sequence Relationship: None 
e. Experiment Continuity and Relationship to Other Efforts 
I) Rela tionship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Obj ectives : 
Experimentation using small telescopes is required 
prior to detailed planning for large (40- to 1 DO-inch) 
systems . 
2) Relationship of Proposed Experiment to Known NASA 
and Othe r Agency Studies/Work Currently Underway 
or About to Commence: All of the optical astronomic al 
studies using high altitude balloons and earth-orbiting 
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satellites have a relationship to the proposed experi-
ments. These supplement earth- based observations 
with the elimination (or partial elimination) of atmos-
pheric effects. The experience gained in the design of 
equipment for the Orbiting Astronomical Observatory 
should be directly applicable to this experiment. 
OPERATIONS 
a. Duty Cycle 
I) Expected Number and Duration of Operational Periods: 
Equipment would be operated on an intermittent basis. 
2) Interval Between Operational Periods: Operated only 
during the lunar night - approximately 14 days between 
operating periods. 
3) Total Duration of Experiment: 1 year 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: Estimated 3 hours 
b) Checkout and Calibration: Estimated 1 hour 
c) Standby: Unknown 
d) Experimentation: Unknown 
2) Crew Procedures Required: Initial emplacement 
(erection, leveling, etc.); routine operation (aiming, 
exposing film, changing filters, etc.) according to a 
predetermined plan; possible minor maintenance of 
electronic apparatus. 
3) Crew Skills Required: Moderate ope rating skill 
required; should have a general knowledge of 
astronomy and optical telescopes. 
4) Importance of Astronaut Participation: Necessary for 
initial emplacement, routine photographic operation 
(mainly to change the photographic films and filters), 
and for activation in the photoelectric photometry 
mode. 
5.2. 1. 5 
5) Crew Time Pe r Operational Sequence: Not defined 
6) Number of Experimental Sequences Per Mission: 
Not defined 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Optical telescope with 
photoelectric photometry attachments and photographic 
capability. 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Optical Telescope, 12~inch 
aperture 
b) Size Stored: 10 cu. ft 
c ) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 500 lb 
e) Size Operating : 20 cu. ft 
f) Pressurized or Unpr es surized (operating): 
Unpressurized 
g ) Frequency Spectrum: Visible and perhaps near 
IR and UV 
h) Re solution: f/5 prime focus; fl lOin Cas segrain 
mode 
i) Pointing Ac curacy: O. 1 sec of arc 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Unknown 
d. Ancillary Equipment: Photoelectric photometer and TV 
camera 
e. Required Deve lopment 
1) Principal Apparatus Requiring Development: Correcting 
a nd field~flattening lenses and transmission filters must 
be designed and tested in relation to the mirrors for 
spectral response and for changes in spe ctral response 
due to high -e ner gy primary particle bombardment and 
ext rem e ly short wavelength radiation from the sun. 
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2) Esti:mated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 2 years 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: No new instrument concepts are 
required; present state-of-the-art appears sufficient 
for flight hardware development. 
7. INTERFACES 
a. Proposed Experiment Location: Must be isolated from 
primary sources of artificial light 
b. Instrument Orientation and Stabilization: Must be emplaced 
on a firm foundation (anticipated to be natural), leveled, and 
orientated in relation to the celestial sphere (polar axis of 
telescope parallel to the moon's axis of rotation). 
c. Acces s Requirements: Vertical hemisphe ric exposure 
desirable 
d. Environmental Requirements: Thermal protection of 
electronic packages probably possible with passive-type 
systems. Main apparatus should be shaded during the day 
from direct solar and lunar surface radiation. 
Optical surface s must be kept free from lunar dust. 
Electric charge buildup (from particle bombardment) must 
be kept to a minimum by e x tensive use of conducting surfaces 
and grounding. 
Consideration must be given to the selection of materials 
with regards to potential sublimation. Evaporated metal 
may condense on the cooler optical surfaces. 
Meteorite effects may pose a problem, especially with the 
exposed optical surfaces. Erosion of lenses and/ or mirrors 
may greatly deteriorate the system performance . 
(It should be remembered that a main purpose in this experi-
ment is to obtain information conce rning the operation of 
optical telescopes in the lunar environment. The experi-
mental program should be desig ned to facilitate the evaluation 
of equipment response to the environment. ) 
5.2. 1. 7 
e. Power Requirements 
1) Average Power and Time Duration: 15 watts (estimated) 
during all periods of operation (perhaps Ie s s when 
operating in the photographic mode ). 
2) Peak Power and Time Duration: Approximately same 
as average power; perhaps slightly more during large 
directional changes. 
3) Standby Power and Time Duration: None during lunar 
day. Estimated less than 5 watts for active thermal 
protection during inoperative periods of the lunar night. 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Exposed photographic plates 
(photographic mode) and analog voltages (photoelectric 
photometry mode) 
b. Data Characteristics 
1 ) Range of Measurement: 
Physical Units 
Minimum Signal Not defined 
Maximum Signal Not defined 
Resolution --- 0.5 sec of arc 
(theoretical) 
2) Accuracy: Not defined 
Electrical Units 
3) Fr e quency Response: Not Applicable 
4) Output Impedance( s ): Not defined 
c. Expe cted Data Activity: Intermittent rneasurements during 
lunar night. Experiment idle during lunar day . 
d. Selective Monitoring: Astronaut will participate in the 
tele scope orientation and source selection. 
5.2.1.8 
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e. Data Preprocessing: It might be possible to reduce the 
amount of stored information by calculating average values 
and standard deviations over certain time intervals and 
storing them. 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Expe riment: 
I) Preflight Period: None 
2) Data Acquisition Period: Storage of photoelectric 
data. OAO earth-based stations could be employed 
to receive the TV transmission of the telescopic 
images. 
3) Postflight Analysis Period: Electronic computer -
earth based 
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1. 
EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
TITLE: Measurement of the Einstein General Relativity 
Theory Shift 
2. APPLICATIONS/ TECHNICAL AREA 
a. 
b. 
General Area: Astronomy 
Detailed Category: Einstein Shift Near the Sun 
c. Other Interested U. S. Agencies: National Science 
Foundation , NASA - Goddard 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Origional Author of Experiment: Public domain 
b. All Other Contacts: AURA - Kitt Peak, Smithsonian 
Astrophysical Observatory, NASA - Goddard, Harvard, 
Wisconsin 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: According to Einstein's 
general theory of relativity, a ray of light will be de-
flected by a gravitational field. The deflection of a ray 
from a star as the ray passes through the solar gravi-
tational field is predicted to be 1. 75 seconds of arc . 
The primary purpose of this experiment would be to 
make numerous measurements of deflections in order 
to further validate the theory. 
2) Significance and Import of Expected Results: Although 
generally accepted and applied in astronomical calcu-
lations, the Einstein shift remains to be precisely veri -
fied by observation. Earth-based observations of the 
deflection must be made during a total solar eclipse. 
This restriction and the difficulties due to the terrestrial 
atmosphere have prevented conclusive results. Dis-
crepant values for the shift have been obtained up to 2.73 
seconds of arc. 
5.2.2.1 
With a simple refractor tele scope and a nominal 
amount of operating time, a relatively large number 
of accurate deflection measurements could be made 
from the lunar surface. Sufficient data to ve rify the 
1.75 second shift could probably be obtained in a few 
hour s of ope rating time. 
In addition to obtaining specific data for testing the 
general relativity theory, the operation of the telescope 
w ill provide valuable information conce rning optical 
astronomy on the lunar surface. This information 
will be required in planning future, large aperture 
systems. 
3) Description of the Key Te chniques and Scientific/ 
Technical Approaches Required: The techniques 
required for this experiment are the same as those 
used in earth-based observations, particularly those 
involving an occultation disk. All measurements could 
be made from a single, fixed site. Only modest oper-
ating procedures would be required. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The deflection would be 
measured by comparing photographs of the same 
star field taken when the star field is visible at night 
and when the sun is centered in the field. The critical 
photograph (with the sun present) could be obtained just 
before sunrise, centering the photographi c plate on the 
sun below the horizon, or by using an occulting disk. 
Observations by both methods could serve to measure 
the diffraction effects at the moon's limb. The latter 
method may be impossible due to serious thermal 
problems. 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: The telescope should be a 
refracting type with a minimunl aperture of five inches 
a nd a focal length of 144 inches . It should be fully 
apochromatic with a flat field for precise position 
measurements. 
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c. Deployment 
I) Preferential Location or Type of Location on the 
Lunar Surface: The eastern (astronautical convention) 
A: horizon as viewed from the telescope site should be 
smooth and horizontal. 
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2) Preferential Lunar Phase: Measurements ITlUSt be 
made during the night, during the day (if use of an 
occulting disk is possible), and immediately between 
the two phases. 
3) Location( s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: Should be located near the 
LEM/Shelter for ease of intermittent manned operation 
but shielding from direct line of sight to eliminate stray 
artificial light from the shelter. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Handcarried 
d. Supporting Experimentation 
1 ) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Obser vations or Activitie s: None 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: None 
3) Common Equipment: None required. This telescope 
may be mounted with the l2-inch astronomical telescope 
proposed for wide -field obse rvations. 
4) Time Sequence Relationship: None required 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
basic experiment is complete in itself. However, 
general information concerning optical observations 
will be highly useful in planning for future, large 
systems. 
5.2.2.3 
2 ) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: The expe rience gained in t h e 
de sign of equipment for the Orbiting Astronomi ca l 
Obse r vatory should be directly applicable to this 
experiment. 
5 . O PERATIONS 
a. Duty Cycle 
l ) Expected Number and Duration of Ope rational Pe riod s: 
Equipment would be operat ed on a n intermittent bas is. 
2 ) Interval Between Operational Periods: Not defined 
3 ) Total Duration of Experiment: 3 months 
b . Crew Requirements and Procedures 
l ) Estimation of Crew Time Re quire d For: 
a) Set~ Estimated 3 hours 
b ) Checkout and Calibration: Estima ted 1 hour 
c) Stan db y: Unknown 
d) Experimentation: Unknown 
2 ) Crew Procedures Required: Initia l emplacement 
(erection, leveling, etc. ); routine operation (a i m i ng 
and exposing film) according to a predetermined pla n. 
3 ) Crew Skills Required: Moderate operating s k ill re-
quired; should h ave a general knowledge of astrono my 
and optical telescopes. 
4 ) Importance of Astronaut Participation: Must part i c i pat e 
i n all phase s of operation . 
5 ) Crew Time Per Operational Sequence: Not define d 
6 ) Numb er of Expe rilnent Sequence s Per Mis sion: Not 
d e fined 
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6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Optical telescope 
and occulting disk 
b. Apparatus Description 
c. 
1) Desc ription of Following for Component: 
a) Equipment Name: Optical Telescope, refracting, 
5-inch aperture 
b) Size Stored: 2 cu. ft 
c) Pressurized or Unpressurized (stored): 
Unpre ssurized 
d) Weight: 35 lb 
e) Size Operating: 5 cu. ft 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
g) Frequency Spectrum: Visible 
h) Resolution: 144-inch focal length (better than 
1 sec of arc) 
i) Pointing Accuracy: 1 sec of arc 
2) Description of Following for Component: 
a) Equipment Name: Occulting Disk 
b) Size Stored: 1 cu. ft 
c) Pressurized or Unpressurized (stored): 
Not Applicable 
d) Weight: 10 lb 
e) Size Operating: Same as b) above 
£) Pressurized or Unpressurized (operating): 
Not Applicable 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
None 
d. Ancillary Equipment: Camera 
5.2.2.5 
e. Required Development 
l} Principal Apparatus Requiring Development: Develop-
ment effort will consist of detailed definition of the ob-
serving procedure under lunar conditions and consider-
ation of the specific occultation technique. 
2 } Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 1 year 
3} Current Status of Experiment, Especially Present 
State-of-the-Art : No new instrument concepts are 
required. Present state-of-the-art appears sufficient 
for flight hardware development. 
7. INTERFACES 
a. Proposed Experiment Location: Must be isolated from 
primary sources of artificial light. 
b. Instrument Orientation and Stabilization: Not critical. 
Desirable to be placed on a firm foundation (natural), 
leveled, and orientate d in relation to the celestial sphere 
(polar axis of telescope parallel to the moon 's axis of 
rotation). 
c. Access Requirements: Vertical hemispheric exposure 
desirable. Clear path required toward eastern horizon. 
d. Environmental Requirements: Provisions should be made 
to shade the telescope during the lunar day. 
Optical surfaces must be kept free from lunar dust. Elec-
tric charge buildup (from particle bombardment) must be 
kept to a minimum by exte nsive use of conducting surfaces 
and grounding. 
Consideration must be given to the selection of materials 
with regard to potential sublimation. Evaporated metal 
may condense on the cooler optical surfaces. 
Meteorite effects may pose a problem, especially with the 
exposed optical surface s. Erosion of lense s may greatly 
deteriorate the system performance. 
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e. Power Requirements 
l) Average Power and Time Duration: 2 watts (esti-
mated) 
2) Peak Power and Time Duration: Approximately same 
as average power; perhaps slightly more during large 
directional changes. 
3) Standby Power and Time Duration: Estimated less than 
5 watts for active thermal protection during inoperative 
periods. 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Exposed photographic plates 
b. Data Characteristics 
1) Range of Measurement 
Minimum Signal 
Maximum Signal 
Resolution 
Physical Units 
Not Applicable 
Not Applicable 
Better than 1 sec of 
arc (actual) 
2) Accuracy: Not Applicable 
3) Frequency Re sponse: Not Applicable 
4) Output Impedance(s ): Not Applicable 
Electrical Units 
c. Expected Data Activity: Measurements at dawn for at least 
three lunations. 
d. Selective Monitoring: Astronaut will participate during the 
collection of data. 
e. Data Preprocessing: None 
5. 2. 2. 7 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: None 
2) Data Acquisition Period: Storage of photographs 
3) Postflight Analysis Period: A number of photographs 
are to be returned. Ordinary astrophotography tech-
niques required for analysis. 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Survey of Celestial X-Ray Sources 
2. APPLICATIONS/TECHNICAL AREA 
a. General Area: Astronomy 
b. Detailed Category: Source Surveys 
c. Other Interested U. S. Agencies: Naval Research Laboratory, 
NASA-Goddard 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a . Original Author of Experiment: Naval Research Laboratory 
b. All Other Contacts: Columbia University, MIT, Lockheed 
Aircraft 
4. OBJECTIVE AND SCOPE 
a. Obj ective and Significance 
1) Specific Objective and Purpose: To obtain a map of 
celestial x- ray sources which emit in the range 1-15 A 
with resolution of 10 seconds of arc or better, including 
sources 1000 times less intense than the Crab nebula. 
At present, the sun and ten discrete x- ray sources have 
been detected. All of the discrete sources are concen-
trated along the galactic plane; hence, it is believed 
they belong to our galaxy. Of these sources, half are 
clearly resolved and the others are densely grouped 
within ± 20° of the galactic center. In one case, the 
Crab nebula, there is x- ray source coincidence with 
a supernova. Several mechanisms might be expected 
to produce x-ray emission: thermal x-rays from 
neutron stars (if they exist) at the center of a nebulosity, 
bremstrahlung and characteristic x- rays from a hot 
cloud at 10 7 _10 8 oK, synchrotron emission by very 
energetic electrons in a supernova, and the interaction 
of cosmic ray electrons with light quanta which boosts 
the photons to x- rays. Measurements are needed to 
establish source positions, source sizes, spectra and 
degree of polariza tion. 
5.3.1.1 
b. Crew Requirelllent s and Procedures 
1) Estilllation of Crew Tillle Required For: 
a) Setup: Estilllated 6 hours 
b) Checkout and Calibration: Estilllated 1 hour 
c) Standby: Unknown 
d) Experilllentation: Unknown 
2) Crew Procedures Required: Initial elllplacelnent (erec-
tion, leveling); possible lllaintenance of electronic 
apparatus 
3) Crew Skills Required: General knowledge of electronic s 
4) Illlportance of Astronaut Participation: Necessary for 
initial elllplacelllent 
5) Crew Tillle Per Operational Seque nce: Not d e fined 
6) NUlllber of Experilllent Sequenc e s Per Mission: Not 
defined 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measur elllent: Multiple geig er counters 
b. Apparatus Description 
1) Description of Following for Cornponent: 
a) 
b) 
c) 
d) 
e) 
f) 
g) 
h) 
i) 
Equipllle nt Narne: X-Ray Counters 
Size Stored: Unknown 
Pressurized or Unpr e s suri<'.ed (stored ): 
Pres surized 
Weight: Unknown 
Size Op e rating: Area of 100 rn2 
Pressurized or Unpr e ssuriz e d (op e rating): 
Pres surized 
Freque ncy Spectrulll: 1 - 15 A 
Resolution: 10 seconds of arc during occultation 
lllode; collirnation 1 square degree 
Pointing Accuracy: 0.5 d eg ree 
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c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
UV. gamma and cosmic ray detectors 
d. Ancillary Equipment: None 
e. Required Development 
1 ) Principal Apparatus Requiring Development: Large 
area detector with 1 square degree collimation and 
built-in filters for spectral information. Polarization 
sensitive detectors and x -ray telescopes should receive 
emphasis. 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 2 years 
3) Current Status of Experiment. Especially Present 
State-of-the-Art: Large area detectors simply require 
extending the size of existing detectors. Polarization 
sensitive detectors and x-ray telescopes will require 
advances in state-of-the-art. 
7 . INTERFACES 
a. Proposed Experiment Location: X-ray detector should be 
situated such that the lunar horizon to the east and west is 
approximately 50 km distant and r e latively smooth. The 
center of a lar ge crater would satisfy these requirements. 
b. Instrument Orientation and Stabilization: Located on a north-
south line . leveled with respect to the horizon. and colliITlated 
with the horizon 
c. Access RequireITlents: Vertical heITlispheric exposure 
d. EnvironITlental RequireITlents: TherITlal protection of elec-
tronics. instrumentation packages. and structural seals may 
be accomplished with passive-type systems composed of 
insulation and an outer surface with desirable radiative 
properties to nullify effects of extreme temperature fluc-
tuations. Lunar surface radiation characteristics also 
can be modified by suitable reflective ground cover around 
the base of the emplaced equipment. 
5.3.1.7 
Radiation from solar wind, solar flares, and cosmic rays 
will necessitate appropriate protection of the emplaced 
equipments. Radiation effects may range from macroscopic 
changes (heating, activation, or destruction of materials) 
to microscopic changes that are only apparent under unusual 
conditions. Materials and objects differ considerably in 
their tolerance to radiation. Seniiconductor devices, with 
operation dependent on minority- charge carrie rs, are n10re 
sensitive to ionization and atomic displacem e nts than con-
ductors where mobile electrons are plentiful. 
Meteorite effects , both from prirnary meteoroids or secondary 
ejecta with velocity less than escape velocity (2.68 km / sec), 
may pose design problems. Lunar dust also must be considered 
in experiment design. The electrical charge buildup resulting 
from particle bombardlTIent may cause lunar dust to be 
attracted to and adhere to insulated surfaces, especially 
those that move. The electrical charge buildup effects can 
be prevented by having every possible surface electrically 
conducting and grounded. 
e. Power R equirements 
I) Average Power and Time Duration: Unknown 
2) Peak Powe r and Time Duration: Unknown 
3) Standby Power and Time Duration: Unknown 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION 
a. Forni of Data to be Collected: Digital 
b. Data Characteristics 
1) Range of Measurement: See table below. 
MinirnUlTI Signal 
Maximum Signal 
R esolution 
Physical Unj is 
Unknown 
3 counts/crn /sec 
10 seconds of arc 
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2) Accuracy: Intensity to ± lO% 
3) Freguency Response: To be deterITlined by filters 
4) Output IITlpedance(s ): Undefined 
c. Expected Data Activity: Continuous ITleasureITlents until sky 
survey is cOITlplete, then interITlittent ITleasureITlents of 
selected sources 
d. Selective Monitoring: AutoITlatic 
e. Data Preprocessing: It ITlight be possible to reduce the 
aITlount of stored inforITlation by calculating average values 
and standard deviations over certain signal ranges and 
storing these. 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
ExperiITlent 
1) Preflight Period: None 
2) Data Acguisition Period: Data storage 
3) Postflight Analysis P e riod: Electronic cOITlpute r -
earth-based 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Growth of Terrestrial Organisms on the Lunar 
Surface 
2. APPLICATIONS/TECHNICAL AREA 
a . 
b. 
c. 
General: Bioscience 
Detailed Category: Biology 
Other Interested U. S. Agencies: Ames Research Center, 
Exobiology Division 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [16] 
4 . OBJECTIVE AND SCOPE 
a. Objective and Significance 
1 ) Specific Objective and Purpose: The effect of the 
lunar environment on terrestrial plant and lower 
animal forms will be studied. 
2) Significanc e and Import of Expected Results: The 
knowledge of types of life, if any, that can withstand 
this environment will alter the estimate of the proba-
bility of finding life elsewhere in the solar system and 
univers e. The degree of the problem of contamination 
of extraterrestrial bodies by manned and unmanned 
exploration will be better understood. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Several samples each 
of various terrestrial plant and lower animal forms 
would be transported to the moon. The sample con-
tainers would permit exposure of the samples to 
selected features of the environment without allowing 
the organisms to escape. Combinations of environ-
mental effects such as vacuum and thermal, thermal 
and radiation, etc. would be studied by comparing 
results of various biological tests with those made on 
control samples left on earth. 
6.1.1.1 
The Bioscience Working Group of the NASA 1965 
Summer Conference on Lunar Exp1or'ation [16 ] 
recommends, however, that experiments with 
biological specimens on the moon wait until 
• the organic-chemical and microbiologic content 
on the moon has been clearly determined. 
• facilities for experimentation have been established. 
• scientists are available for bioscience experiments 
on the moon. 
NOTE: Data for the remaining sections of the form 
will not be supplied until these requirements are met 
or the philosophy changes. 
b . Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: 
2) Preferential Lunar Phase: 
3) Location(s) Relative to LEM/Shelter Where Experi-
ment is to be Performed: 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: 
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d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: 
3) Common Equipment: 
4) Time Sequence Relationship: 
e . Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: 
5. OPERA TIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
2) Interval Between Operational Periods: 
3) Total Duration of Experiment: 
6.1.1.3 
b. Crew Requirements and Procedures 
l) Estimation of Crew Time Required For: 
a) Setup : 
b) Checkout and Calibration: 
c) Standby: 
d) Experimentation: 
2) Crew Procedures Required: 
3) Crew Skills Required: 
4) Importa nce of Astronaut Participation: 
5) Crew Time Per Operational Sequence: 
6) Number of Experiment Sequences Per Mission: 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: 
b. Apparatus Description 
l) Description of Following for Component: 
a) Equipment Name: 
b) Size Stored: 
c) Pressurized or Unpressurized (stored): 
d) Weight: 
e) Size Operating: 
f) Pressurized or Unpressurized (operating): 
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c. 
g) Frequency Spectrum: 
h) Resolution: 
i) Pointing Accuracy: 
Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
d. Ancillary Equipment 
1 ) Equipment Name: 
2) Equipment Size Stored: 
3) Electrical Characte ristic s: 
4) Weight: 
e. Required Development 
l) Principal Apparatus Requiring Development: 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 
3) Current Status of Experiment, Especially Present 
State - of-the -Art: 
7. INTERFACES 
a. Proposed Experiment Location: 
b. Instrument Orientation and Stabilization: 
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c. Access Requirements: 
d. Environmental Requirements: 
e. Power Requirements 
1) Average Power and Time Duration: 
2) Peak Power and Time Duration: 
3) Standby Power and Time Duration: 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: 
b. Data Characteristics 
1) Range of Measurement: 
2) Accuracy: 
3) Frequency Response: 
4) Output Impedance(s ): 
c. Expected Data Activity: 
d. Selective Monitoring: 
6.1.1.6 
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e. Data Preprocessing 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
l) Preflight Period: 
2) Data Acquisition Period: 
3) Postflight Analysis Period: 
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EXPERIMENT IDENTIFICATION AND DESCRIPTION 
1. TITLE: Search for Life Forms 
2. APPLICATIONS/T ECHNICAL AREA 
a. 
b. 
c. 
Gener al Area: Bioscience 
Detailed Category: Organic Chemistry and Microbiology 
Other Interested U. S. Agencies: Ames Research Center, 
Exobiology Division 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment : Public domain 
b . All Other Contacts: Unknown, [16], [17], [18] , [19] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: A search will be made 
for proto-organic matter or organic material to deter-
mine if the moon's present state represents a stage of 
the evolution of the earth. Also sought will be viable 
or nonviable organisms on or below the lunar surface, 
whether or not they are different from known repro-
ducing forn1.s. 
2) Significance and Import of Expected Results: Results 
of the se experiments might aid in determining the 
origin of the moon, the uniqueness of terrestrial life 
forms, development of life and existence of life outside 
the earth - m.oon system. 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Samples of the lunar 
atmosphere, surface and subsurface materials and of 
extra-lunar materials such as meteorites will be 
examined for evidence of life forms. The lunar en-
vironment is such that viable organisms are not 
anticipated. Therefore, the major emphasis should 
be placed on analyses which allow determination of 
the presence of proto-organic matter or organic 
material. Preliminary analysis may be performed 
6.1.2.1 
in the lunar environment using instrumentation such 
as the gas chromatograph and mas s spectrometer 
which has been proposed for other experiments. 
Experiments on the lunar surface to demonstrate 
metabolisIn, reproduction or other life evidence should 
await SOIne justification from detailed analysis of 
samples returned from early missions to earth. 
b. Measurements and Data 
I) Particular Phenomena and Characteristics to be 
Observed and Measured: Micromolecular and macro-
molecular structure of samples 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: Unknown 
c. Deployment 
I) Preferential Location or Type of Location on 
Lunar Surface: Samples should be gathered from 
surfaces with little or no solar radiation exposure; 
froIn outgassing areas, if any exist; and froIn sub-
surface, insofar as available equipInent will allow. 
2) Preferential Lunar Phase: Not Applicable 
3) Location{s) Relative to LEM/ Shelter Where Experi-
ment is to be PerforIned: All samples should be 
collected away from the LEM and landing site due to 
contamination by the rocket exhausts. 
4) Method of Deployment of InstruInentation froIn LEM/ 
Shelter: The sampling device should be handcarried. 
d. Supporting Experimentation 
I) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Preliminary 
analysis of biological samples may be performed on the 
lunar surface using other instrumentation. See 4. a. 3). 
2) Any R equirement for Prerequisite Earth/ Lunar / Space 
ExperiInentation : None 
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3) Comn-lOn Equipme nt: Mass spectrometer, gas 
chromatograph, etc. (see 4. a. 1 )). 
4) Time Sequence Relationship: Samples should be col-
lected and isolated a s early in the lunar exploration 
program as possible to reduce the effects of contami-
nation. 
Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: The 
biological samples represent a small part of the 
samples desired for other purposes. See experiment 
2. 1. 2. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence : Instrumentation for similar 
experiments has been developed for various unmanned 
explorers. [17], [18], [19] 
5. OPERA TIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
At least one sample collected aseptically at each site 
explored b y the astronaut. 
2) Interva l Between Operational Periods: Unknown 
3) Total Dura tion of Experiment: Unknown 
b. Crew Requirements and Procedures 
1 ) Estimation of Crew Time Required For: 
a) Setup: Unknown 
b) Checkout and Calibration: Not Applicable 
c) Standby: Not Applicable 
d) Experimentation: Unknown 
2) Crew Proce dure s Required: Collection and storing 
samples 
6.1.2.3 
3) Crew Skills Required: Unknown 
4) Importance of Astronaut Participation: Astronaut's 
ability to sample away from contaminated area and to 
select likely sites is indespensable . 
5) Crew Time Per Operational Sequence: Unknown 
6) Number of Experiment Sequences Per Mission: Unknown 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: See 4. a. 3). 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Aseptic Sampling Tool 
b) Size Stored: Unknown 
c) Pressurized or Unpressurized (stored): 
Unknown 
d) Weight: 5 - 10 kg 
e) Size Operating: Unknown 
f) Pressurized or Unpressurized (operating): 
Unpressurized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Radiometers to detect thermal anomalies and gas detectors 
to locate outgassing sources. 
d. Ancillary Equipment 
1) Equipment Name: Containers for sample storage 
2.) Equipment Size Stored: Unknown 
3) Electrical Characte ristic s: Not Applicable 
4) Weight: Unknown 
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e. Required Development 
1 ) Principal Apparatus Requiring Development: Aseptic 
sampling tool and sample containers 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: Unknown 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Unknown 
7. INTERFACES 
a. Proposed Experiment Location: Samples must be collected 
in areas uncontaminated by vehicle exhausts, instrumen-
tation and astronaut suit outgassing. 
b. Instrument Orientation and Stabilization: Not Applicable 
c. Acces s Requirements: Not Applicable 
d. Environmental Requirements: Sampling tool and containers 
must be sterile. 
e. Power Requirements: Not Applicable 
8 . SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMATION: Not Applicable 
9. SUPPLEMENT AR Y INFORMA TION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: Unknown (sterilization facility may 
be required) 
2) Data Acquisition Period: None 
3) Postflight Analysis Period: A Lunar Sample Receiving 
Laboratory is required to provide a biological barrier 
for all lunar sample s, to pe rform preliminary analyses, 
and to distribute samples to other appropriate labora-
tories. 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
TITLE: Bevameter Determination of Lunar Terrain 
Trafficability 
2. APPLICATIONS/TECHNICAL AREA 
a. General Area: Engineering 
b. Detailed Category: Soil Mechanics 
c. Other Interested U. S. Agencies: U. S. Army Engineers, 
Waterways Experiment Station, Vicksburg, Miss.; Dept. 
of Army, Ordnance Tank-Automotive Command, Centerline, 
Mich. 
3 . SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b . A1l Other Contacts: Dr. N. C. Castes, MSFC; H. Carl 
Thorman, JPL; [23], [24], [25], [26] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
l) Specific Objective and Purpose: The in situ quanti-
tative measurement of bearing capacity and shear 
strength by means of a bevameter at various points 
on the lunar terrain . 
2) Significance and Import of Expected Results: The 
measurem.ent of terrain parameters may be used to 
compute soil mobility parameters which can be trans-
lated into vehicle design specifications by the tech-
nology of the Bekker system of land locomotion and 
mechanics . 
They wi1l also provide data on the nature of soil action 
on the moon including shear strength evaluation of the 
<j> and c paramete rs in the Coulomb equation and bearing 
capacity experimental data concerned with the forms of 
load-settlement curves and critical load values. 
7.1.1.1 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: The bevameter is 
mounted on a lunar roving vehicle such as the LSSM. 
It is activated at the stopping points of a traverse 
excursion. 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Each of two penetration 
units performs direct measurement of bearing strength 
as a function of penetration depth. Plates of different 
diameter are used on the two units to determine the 
degree of dependence of bearing strength on footing 
size. This relationship helps to characterize the 
nature of the soil and to indicate approximate scaling 
factors for design application of the data. 
A shear ring measures torque versus angular displace-
ment under three different axial loads to determine the 
relationship between shear strength and applied normal 
stre s s. This relation is an estimate of the Coulomb 
shear envelope, which provides an eva luation of the 
soil in terms of its effective cohesion coefficient and 
its effective friction angle. 
2) Resolution Needed to Successfully Obs erve the 
Phenomena Above: A 500 to 1000 (earth) pound vehicle 
would provide sufficient load and torque reaction for 
satisfactory operation of the bevameter. 
c. Deployment 
I) Preferential Location or Type of Location on the 
Lunar Surface: Measurements should be made over 
as large a sampling of terrain types as possible. 
2) Preferential Lunar Phase: Day 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: At the stopping points of 
the LSSM traverses 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Instrument is mounted on LSSM. 
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d. Supporting Experimentation: None 
e. Experiment Continuity and Relationship to Other Efforts 
1 ) 
2) 
Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: Data 
should be correlated with the results of Surveyor soil 
mechanics experiment. 
Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: A lunar bevameter has been 
developed by the General Motors Defense Research 
Laboratory for the Surveyor soil mechanics experi-
ment. 
5. OPERATIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
5 times for each traverse of LSSM (measurements 
made approximately every 2 kilometers); 5 minutes 
duration for each measurement. 
2) Interval Between Operational Periods: Not Applicable 
3) Total Duration of Experiment: Unknown 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
2) 
a) 
b) 
c) 
d) 
Setup: None 
Checkout and Calibration: 5 minutes (required 
only for the first measurement of a traverse) 
Standby: None 
Expe rimentation: None 
Crew Procedures Required: Apparatus is automated; 
crew is required to initiate operation and data recording. 
3) Crew Skills Required: None 
7.1.1. 3 
4) Importance of Astronaut Participation: See 2) above 
5) Crew Time Pe r Ope rational Sequence: 5 to 10 minute s 
per traverse 
6) Number of Experilnent Sequences Per Mission: 
Unknown 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: The bevameter con-
sists of two penetration units and one shear unit . Also 
incorporated are provisions for lowering the entire as sembly 
from its stowed position on a spacecraft to a suitable posi-
tion on the lunar surface prior to conducting the measuring 
functions for which it is de signed. Upon contact with the 
lunar surface, the central touch pad (Figure 1) actuates a 
switch which terminates the lowering motion. 
Each of the two penetration units has a sealed, tubular 
housing containing an electric-motor-driven ball-screw 
actuator which drives a circular flat plate into the lunar 
surface soil, at a constant rate, to a maximum depth of 
8 i nches, or until maximum allowable load is reached 
(Figure 2). Axial load applied to the plate is measured by 
a strain gage bridge on a proving ring in the actuator shaft. 
A potentiometer on the drive motor monitors the penetration 
depth. Each penetration unit thereby provides direct meas-
urement of bearing strength as a function of penetration 
dept h for a given footprint area (Figure 2 ). Plates of dif-
ferent diameter are used on the two units to determine the 
degree of dependence of bearing strength on footing size. 
This relation helps to characte rize the nature of the soil 
and also to indicate approxilnate scaling factors for design 
application of the data. 
Attached to the lower end of the shear unit is a spudded, 
flat ring to which axial load is applied and measured by 
means of mechanisms of the same type as used in the 
penetration units. An additional motor and gear train pro-
vide torque to rotate the shear ring while the axial drive 
pushes the ring to whatever depth is necessary to maintain 
a given nonnal force. The axial-drive motor voltage is 
programmed to attain three different levels of force in steps, 
each step being maintained through 120 degrees of rotation 
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Figure 1. Lunar Soil-Mechanics Test Apparatus [23] 
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Figure 3. Shear-Ring Test [23] 
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of the shear ring (Figure 3). A split-ring strain-gage 
transducer measures the applied torque. A potentiometer 
on the rotational drive gear monitors angular displacement. 
Penetration of the shear ring is limited to a depth of 5 inches. 
The application of excessive torque to the spacecraft is 
avoided by the use of a safety device that automatically 
terminates the experiment if maxirnurn allowable torque is 
reached. 
Apparatus Description 
I) Description of Following for COlTlpOnent: 
a) Equipment Name: Bevameter 
b) Size Stored: 900 in 3 , 2 ft tall 
c) Pressurized or Unpressurized (stored): 
Unpre s surized 
d) Weight: 9 lb 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpre s surized 
g) Frequency Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Penetration resistance measurements, shear-vane meas-
urements 
d . Ancillary Equipment: Data handling facilities of the LSSM 
e . Required Development 
1 ) Principal Apparatus Requiring Development: Unknown 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go - Ahead: Unknown 
3) Current Status of Expe rim e nt, Es peciaUy Present 
State - of -the -Art: A lunar bevameter has been de-
veloped for the Surveyor spacec raft which would be 
directly applicable to this experiment. 
7.1.1.7 
7. INTERFACES 
a. Proposed Experiment Location: Mounted on LSSM in such 
a position that it may deploy itself for operation. 
b. Instrument Orientation and Stabilization: Unknown 
c. Access Requirements: Requires vertical exposure (to the 
lunar surface beneath the instrument). 
d. Environmental Requirements: Unknown 
e. Power Requirements: Unknown 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: A total of 5 analog voltages; 
penetration units - (2) axial load, (l) penetration; shear 
unit - (l) torque, (l) rotation 
b. Data Characteristics: Unknown 
c. Expected Data Activity: Unknown 
d. Selective Monitoring: Unknown 
e. Data Preprocessing: Unknown 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
l) Preflight Period: Unknown 
2) Data Acquisition Period: Data handling facilities of 
LSSM are required. 
3) Postflight Analysis Period : Unknown 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Lunar Soil Classification 
2. APPLICA TIONS/ TECHNICAL AREA 
a. 
b. 
c. 
General Area: Engineering 
Detailed Category: Soil Mechanic s 
Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Dr . N. Costes (MSFC); [20], [21], [22] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1 ) Specific Objective and Purpose: To identify the index 
properties of lunar soil such that a lunar soil classi-
fication system may be established. 
2) Significance and Import of Expected Results: The inde x 
properties provide the means whereby generalizations 
about the limits of a deposit and its physical attributes 
can be made froIn point measurements and observations. 
They provide the reference framework within which dis-
tinguishing characteristics and areal changes can be 
identified. 
A soil classification system is essential to the sub-
sequent observation, measurement, and mapping of 
those parameters which are essential to the valuation 
of hazards, trafficability, and the refinement of lunar 
basing concepts. 
3) Description of the Key Techniques and Scientific/ 
Technical Approache s Required: The identification of 
inde x properties can be accomplished by a general 
reconnaissance by the astronaut in which perceptive 
visual examination, probing, and photography will be 
unexcelled investigative tools. 
7.1.2.1 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: Factors which may serve as 
soil index properties on the lunar surface include 
texture, structure, color , angularity, Inine ralogy, 
slope, depth, electromagnetic properties, and results 
of some extremely elenlentary qualitative tests. Ob-
servations to answer the following questions will con-
tribute valuable qualitative data: 
a) How deep will a Staff penetrate? 
b) Is the surface texture that of loose dust, sand, 
gravel, rubble, or solid rock? 
c) Is the surface material characterized by a reticulate 
or needlelike structure rather than a particulate 
structure? 
d) Can the material be compressed or compacted like 
a snowball and retain its shape? 
e) Does such a specimen acquire a marked increase 
in breaking strength as tested by bending or crushing 
by hand? 
f) Are there visible changes in color, texture, structure, 
and slope? 
g) Is there a cemented crust? If so, probing to test its 
strength and thickness, as well as the nature of the 
n'laterial underneath, should be accomplished. 
h) Does the material adhere to other objects and to 
itself? It may be useful, in subsequent nlissions, 
to take along small samples of various types of 
structural material such as plastics, teflon, as-
bestos' glass, metals, etc . to make simple quali-
tative tests designed to detennine the range of 
affinities which proposed materials have for lunar 
dust. 
i) Are large blocks, boulders, etc. evident which 
could be used as construction materials? Test 
the "heft" of a few and note the maximUln size s 
exposed which can be moved. 
j) How deep are the astronaut 's footprints? Stereo-
photographs and nleasurements would permit 
semiquantitative evaluation of bearing capacity. 
k) Are erosional and depositional features evident, 
and do they evince unique structures or textures? 
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2) Resolution Needed to Successfully Observe the 
Phenomena Above: Each such test or observation 
which yields a definitive result should be supported 
by a photograph and narrative evaluation of the 
phenomena and, if applicable, the test procedure. 
Areal differences are especially significant. 
It is recommended as a general guide that every object 
placed on the lunar surface, every type of disturbance 
and every unique feature of lunar soil and topography 
be photographed, preferably stereoscopically and in 
color. Even such mundane features as footprints and 
the imprints of packages placed and removed from the 
surface can yield information on bearing strength and 
behavior of lunar soils . 
c. Deployment 
1) Preferential Location or Type of Location on Lunar 
Surface: All types are of interest. 
2) Preferential Lunar Phase: Day (astronaut's visibility) 
3) Location(s) Relative to LEM/ Shelte r Where Experi-
ment is to be Performed: Any area traversed by 
astronaut 
4) Method of Deployment of Instrume ntation from LEM/ 
Shelter: Not Applicable 
d . Supporting Experime nta tio n 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: None 
2) Any Requirement for Prerequisite Earth/ Lunar/ Space 
Experimentation: None 
3) Common Equipment: The Lunar Surveying Staff (for 
probing, angle of slope measurements, use of its 
cameras and other experimental apparatus) 
4) Time Sequence Relati o nship: None 
7 . 1.2. 3 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Properties observed should be correlated with any 
tests performed either in situ or upon samples, i. e. , 
vane shear tests, penetrometers, compaction tests. 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Unknown 
5. OPERATIONS 
a. Duty Cycle: Not Applicable 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time: Not Applicable 
2) Crew Procedures Required: See 4. a. 3). 
3) Crew Skills Required: Astronaut should be briefed on 
observation techniques. 
4) Importance of Astronaut Participation: See 4. a. 3). 
5) Crew Time Per Operational Sequence: Negligible 
6) Number of Experiment Sequences Per Mission: Not 
Applicable 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Visual observation by 
astronaut 
b. Apparatus D e scription: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Gravity (travers e measurements); atmosphere, magnitude 
and constituents; temperatur e (gradie nt with d e pth and over 
a travers e ); radiation flux and gradients; soil, particle size 
distribution (grain size analysis), particle shape, mineralo-
gical composition, in-situ porosity, compaction characteris-
tics, r e flectivity, composition of contaminants 
d. Ancillary Equipment: Unknown 
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7 . INTERFACES: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. 
b. 
c. 
Form of Data to be Collected: Astronaut's narrative 
evaluation of the phenomena and observations. supported 
by photographs and other data from the Lunar Surveying 
Staff. Total bulk of data - negligible. 
Data Characteristics: Not Applicable 
Expected Data Activity: Not Applicable 
d. Selective Monitoring: Not Applicable 
e. Data Preprocessing: Not Applicable 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: None 
2) Data Acquisition Period: Unknown 
3) Postflight Analysis Pe riod: The records taken during 
astronaut traverses (photographs. TV pictures. voice 
recordings) should be reviewed by a panel of soil 
mechanics for the ferreting of infonnation that would 
be overlooked by an untrained observer . 
7.1.2.5 
,.. 
J 
f 
1 
EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Mechanical Testing of Lunar Soil Samples 
2. APPLICATIONS/TECHNICAL AREA 
a. 
b. 
c. 
General Area: Engineering 
Detailed Category: Soil Mechanic s 
Other Interested U. S. Agencies: Unknown 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Dr. N. C. Costes, MSFC; [20], [21], 
[27], [28], [29] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: The measurement of 
shear strength, compressibility, and mechanical 
analysis of lunar soil samples on the lunar surface to 
obtain detailed data concerning the physical character-
istics of lunar soils. 
2) Significance and Import of Expected Results: This 
data will aid in the substantiation of existing geologic 
and soil mechanic theories, or possibly produce totally 
new concepts. 
Remote measurements of the lunar surface and model 
matching have yielded a roughly qualitative picture, 
within wide limits, of the structure and physical 
properties of lunar surface materials but few facts 
about the mechanical properties and behavior. 
Initially, test results on returned samples will advance 
knowledge of lunar materials and their mechanical 
properties by orders of magnitude. Even so, there is 
much to be said for performing laboratory tests such 
as direct and triaxial shear, compressibility, com-
paction, and CBR on the lunar surface in order to 
7. 1. 3. 1 
realize the full range of environmental factors which 
could possibly affect test results. Obvious reasons 
are: a) greater statistical reliability can be achieved 
through testing more samples; b) structural disturbance 
of samples will be minimized; c ) the risk of atmospheric 
contamination will be minimized; and d) problems of 
similitude, involving dimensional relationships between 
mass, length, time, and other factors are circumvented. 
The soil properties which determine its mechanical 
behavior are termed shear strength and compressi-
bility. 
Problems involving the shear strength of soils will 
constitute a major portion of lunar soil mechanics. 
These would include stability analyses for natural 
slopes, cuts and embankments; bearing capacity prob-
lems such as evaluation of the resistance of foundations 
to stresses induced by loaded footings, rafts, etc.; and 
design computations concerned with pressures exerted 
by soil masses against lateral supports and roof struc-
tures. Evaluation of the support and tractive reaction 
supplied by the ground to vehicle locomotive systems 
is also within this category. 
Compressibility is the volume change occurring in a 
laterally confined soil due to application of a normal 
load. Compressibility of sands and crushed minerals 
is the result of elastic deformation, slippage along 
intergranular points of contact, a nd at pressures ex-
ceeding about 100 kg/cm 2 , crushing of mineral grains. 
The portion of the volume change due to elastic defor-
mation can be observed, when the load is removed, by 
a decompression curve and hysteresis loop. The 
compressibility of lunar soils rnay be more important 
than that of te rre strial nonplastic soils because of the 
exceedingly porous structure anti c ipated. 
The average grain diameter and the degre e of sorting 
determined from the mechanical ana lysis would furnish 
evidence of the environmental conditions present during 
the formation of the soils, and could also a id in pre-
dicting the mechanical behavior of the soils. 
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3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: Simple tests are to 
be performed upon soil samples. 
b. Measurements and Data 
l) Particular Phenomena and Characteristics to be 
Observed and Measured: Three types of tests are to be 
performed; mechanical analysis (on one portion of the 
samples), unconfined and confined compre s sion tests, 
and the direct shear test. 
Mechanical analysis consists of separating soil particles 
of a sample by grain size. This is done by passing the 
sample through a series of sieves of graded mesh. The 
material from each sieve is then weighed and the amount 
recorded. The percentage of material on each sieve is 
then computed for use in statistical studies. 
The confined and unconfined compression test consists 
of the measurement of normal force versus displace-
ment of a piston acting upon approximately a cupful of 
soil sample. (The confined compression test utilizes a 
cylinder for containing the sample. ) 
The direct shear test consists of the application of a 
normal force on a confined sample and measurement 
of the force required to produce a lateral displacement 
of the two cylinders used to confine the sample (one 
c y linde r on top of the othe r ). 
2) Resolution Needed to Successfully Observe the 
Phenomena Above: For the mechanical analysis, 
sieve mesh sizes recommended are 16 mm, 4 mm, 
2 mm, I mm, O. 5 mm, 0.25 mm, O. 125 mm, and 
O. 0625 mm. 
For the compres sion te sts, volume change versus 
load (kg/ cm2 ) are to be recorded. 
Shear tests require measurement of lateral force and 
displacernent versus normal force on the sample, 
kg/cm 2 , cm, kg/cm 2 • 
7.1.3.3 
Virtually every soil design cOITlputation involves the 
shear strength paraITleters <j> and c, hence their evalu-
ation is a necessary basing ITleasureITlent. It is also 
essential for the soil ITlechanics specialist to know the 
shape and liITlits of the 10ad-deforITlation curve. 
It is usually assuITled that the shearing resistance of a 
soil ITlass is related to the norITlal stress on any plane 
by CouloITlb I s eITlpirical equation 
T = C + cr tan <j> (1) 
where the sYITlbol c repre sents the cohe sion or shearing 
resistance per unit of area when the norITlal stress on the 
failure surface, cr, equals zero. The paraITleter <j> is 
called the angle of internal friction; its role is analogous 
to the coefficient of sliding friction between solid bodies. 
The paraITleters c and <j> can be evaluated by ITleans of 
tests in conjunction with the Mohr failure theory. The 
values of c and <j> used in analysis are independent of 
the state of stress, but they do vary according to the 
condition of the ITlaterial, e . g . , the state of packing 
which ITlay be deterITlined in the cOITlpression tests. 
The state of packing in granular soils is expressed by 
the relative density, 
e - e o 
Dr = eo - eITlin 
where eo = ITlaxiITluITl void ratio and eITlin = ITliniITluITl 
void ratio. This condition has an iITlportant effect on 
the behavior of soils undergoing shear. If initially the 
ITlaterial is in a densely packed state, ITluch of the 
shearing resistance is due to interlocking of the soil 
grains. As the soil is sheared, grains in the shear 
zone ITlust ride over one-another, thus causing a voluITle 
increase. This expansion against the applied norITlal 
force requires energy. If the soil is in its Inost loose 
state, the voluITle change is negative, and a lower 
shearing resistance will result. 
Lunar soils may exhibit high values of cohesive strength 
relative to the component of strengtb expressed by the 
terITl cr tan <j> because of the effect of reduced gravity on 
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the term 0- and high particle bonding stresses. It is 
probable that the Mohr failure theory and the concept 
of plastic failure will be applicable to lunar soils, but 
there is no basis for predicting the shape of the failure 
envelope or the value of the shear strength parameters 
until the theory is validated in the moon's environment. 
Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Numerous samples of each represen-
tative type of lunar soil should be tested. 
2) Preferential Lunar Phase: Not Applicable 
3) Location(s) Relative to LEM/Shelter Where Experi-
ment is to be Performed: At the LEM/ Shelter or on 
board the LSSM. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: Not Applicable 
d. Supporting Experimentation 
1) Any Requirement for Support by Simultaneous Earth/ 
Lunar / Space Observations or Activities: Direct shear 
tests should be supplemented by field vane shear and 
penetrometer tests to evaluate soil deposits in situ. 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Collection of samples by astronaut 
3) Common Equipment: Sampling tools 
4) Time Sequence Relationship: Tests may be performed 
at convenience 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: 
Additional tests should be performed in earth labora-
tories upon returned lunar samples. 
7.1.3.5 
2) Relationship of Proposed Experiment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: A substantial amount of 
synthetic knowledge already has acc rued fronl laboratory 
studies of soil behavior in situulated lunar conditions. 
The principal factor considered has been the effect of 
vacuum, but other work has treated the effects of 
temperature and gravity on mechanical behavior of 
soils . In addition, investigation of the contribution of 
sputtering to soil-forming processes has been carried 
out in a vacuum chamber (Wehner, 1963). 
Certain qualitative indications of lunar soil behavior can 
be observed through such experiments in simulated lunar 
environments. The greate st value acquired to date, how-
ever, is probably in the experience in techniques of en-
viromnental te sting and instrumentation and recognition 
of problems such as elimination of gas from soil voids 
during drawdown (Vey and Nelson, 1963). Until samples 
of lunar materials are examined, there is no way to 
ascertain the validity of the conclusions reached through 
such tes t s or determine how well the simulated lunar 
materials agree with those of the HlOon. 
5. OPERA TIONS 
a. Duty Cycle 
1) Expected Number and Duration of Operational Periods: 
Unknown 
2) Interval Between Operational Periods: Not critical 
3) Total Duration of Experiment: Unknown 
b. Crew Requireluents and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: One luinute 
b) Checkout and Calibration: None 
c) Standby: None 
d) Experinlentation: 5 rninutes per sample to perform 
the compression and shear tests. The n1echanical 
analysis nlay be automated very sinlply. 
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2) Crew Procedures Required: Mechanical analysis: 
weigh sample and place in top sieve, initiate experi-
ment, after sifting action is completed, weigh the 
contents of each sieve. 
3) 
Compression and shear tests require manual operation 
of introducing samples and turning of hand wheel to 
apply forces . Data readout may be automated. 
Crew Skills Required : See 2) above. 
4) Importance of Astronaut Participation: See 2) above. 
5) Crew Time Per Operational Sequence: 15 minutes (as 
per 5. b . 1 )d)) 
6) Number of Experiment Sequences Per Mission: Unknown 
6 . APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: See 4. b . 1). 
b . Apparatus Description 
1 ) Desc ription of Following for Component: 
a) Equipment Name: Nested Sieves 
b) Size Stored: 15 cm dia. ; 25 cm in length 
c) Pressurized or Unpressurized (stored): 
Unpressurized 
d) Weight: 1 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequency Spectrum : Not Applicable 
h) Resolution: See 4. b. 2). 
i) Pointing Ac curacy: Not Applicable 
2) Description of Following for Component: 
a) Equipment Name: Compression and Shear Test 
Apparatus. NOTE: This includes a piston, a 
c ylinde r for confining the sample, and a cup 
shaped end-plate for the cylinder to be used for 
confined compression and shear tests . The ap-
paratus for force application and readout is not 
included . 
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b) Size Stored: 10 cm dia. ; 10 cm tall 
c) Pressurized or Unpressurized (stored): 
Unpres surized 
d) Weight: 1 kg 
e) Size Operating: Same as b) above 
£) Pressurized or Unpressurized (operating): 
Unpres surized 
g) Frequenc y Spectrum: Not Applicable 
h) Resolution: Not Applicable 
i) Pointing Accuracy: Not Applicable 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Microscopic (petrographic) examination of samples to 
determine the grain shape, grain texture, soil color, and 
mineral composition of both the heavy and light minerals of 
soils (percentage of particle sizes below 0.0625 mm may 
also be determined by this method), and x-ray diffractometer. 
d. Ancillary Equipment: Unknown 
e. Required Development 
1) Principal Apparatus Requiring Development : All 
apparatus 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 1 year 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: Commercially available test equip-
ment is too heavy and bulky for lunar shipment, but 
test apparatus similar to that used at Illinois Institute 
of Technology (Vey and Nelson, 1963) in vacuum chamber 
experiments can possibly be modified for use on the 
moon. Sieves are available although some reduction in 
mass and volume is desirable. 
7 . INTERFACES 
a. Proposed Experiment Location : In conjunction with 
petrographic microscope and x- ray diffractometer. 
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b. Instrument Orientation and Stabilization: Not Applicable 
c . Access Requirements: Not A p plicable 
d . Environmental Requirements: Not Applicable 
e. Power Requirements: Unknown 
SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
IN FORMA TION: Unknown 
SUPPLEMENTAR Y INFORMA TION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1 ) Preflight Period: None 
2) Data Acquisition Period : Sampling 
3) Postflight Analysis Period: A percentage of samples 
should be returned to earth for further laboratory 
tests . 
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EXPERIMENT IDENTIFICA TION AND DESCRIPTION 
1. TITLE: Lunar Surface Penetration Resistance 
2. APPLICATIONS/ TECHNICAL AREA 
a. General Area: Engineering 
b. Detailed Category: Soil Mechanics 
c. Other Interested U. S. Agencies: U. S. G. S. 
3. SOURCE OF EXPERIMENT AND CONTACTS 
a. Original Author of Experiment: Public domain 
b. All Other Contacts: Unknown, [2], [9], [23] 
4. OBJECTIVE AND SCOPE 
a. Objective and Significance 
1) Specific Objective and Purpose: A penetrometer will 
be employed at the base of the Lunar Surveying Staff 
(incorporated in the physical properties module) to 
provide dynamic measurements of lunar soil parame-
ters and the mechanical characteristics of the lunar 
soils. 
2) Significance and Import of Expected Results: Such 
measurements of the reaction of the s oil to a moving 
body yield data on the adhesive qualities, porosity, 
hardnes s, and penetrability of the lunar surface . 
3) Description of the Key Techniques and Scientific/ 
Technical Approaches Required: A shaped mass will 
be accelerated toward the lunar surface by gravity 
and/ or a spring mechanism. The deceleration time 
history after impact will provide information for 
comparison with earth-based experiments to aid in 
determining soil characteristic s . 
b. Measurements and Data 
1) Particular Phenomena and Characteristics to be 
Observed and Measured: The shape of the deceler-
ation versus time curve for an impacting conical or 
hemispherical probe will be determined. 
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2) Resolution Needed to Successfully Observe the 
Phenomena Above: Measurements with accuracies of 
1 % or better will be made of deceleration in the range 
of 104 to 1.5 X 106 cm/ sec 2 and of deceleration time in 
the range of 0.1 to 300 milliseconds. 
c. Deployment 
1) Preferential Location or Type of Location on the 
Lunar Surface: Wherever astronaut can traverse on 
foot 
2) Preferential Lunar Phase: Lunar day 
3) Location(s) Relative to LEM/ Shelter Where Experi-
ment is to be Performed: A penetrometer will be 
employed at the base of the Lunar Surveying Staff. 
4) Method of Deployment of Instrumentation from LEM/ 
Shelter: It will be handcarried . 
d. Supporting Experimentation 
1 ) Any Requirement for Support by Simultaneous Earth/ 
Lunar/Space Observations or Activities: Lunar Sur-
veying Staff Tracking System (see Figure 1). 
2) Any Requirement for Prerequisite Earth/ Lunar / Space 
Experimentation: Unknown 
3) Common Equipment: Lunar Surveying Staff VHF 
telemetry transmitter, data storage / transmis sion 
facility of the LSSM 
4) Time Sequence Relationship: Unknown 
e. Experiment Continuity and Relationship to Other Efforts 
1) Relationship of This Experiment to Additional Steps 
or Phase Required to Satisfy Overall Objective: More 
extensive measurements maybe made by LSSM 
instrumentation 
2) Relationship of Propos ed E:xpe riment to Known NASA 
and Other Agency Studies/Work Currently Underway 
or About to Commence: Unknown 
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Figure 1. Lunar Surve ying Staff Concept [9 J 
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5. OPERATIONS 
a. Duty Cycle 
1) Expected Nurnber and Duration of Operational Periods: 
Unknown 
2) Interval Between Operational Periods: Unknown 
3) Total Duration of Experiment: Unknown 
b. Crew Requirements and Procedures 
1) Estimation of Crew Time Required For: 
a) Setup: None 
b) Checkout and Calibration: Unknown 
c) Standby: None 
d) Experimentation: Depends upon the number of 
samples which are used 
2) Crew Procedures Required: Unknown 
3) Crew Skills Required: None 
4) Importance of Astronaut Participation: The pene-
trometer will be incorporated into the Lunar Surveying 
Staff. 
5) Crew Time Per Operational Sequence: Unknown 
6) Number of Experiment Sequences Per Mission: 
Unknown 
6. APPARATUS DESCRIPTION 
a. Proposed Methods of Measurement: Piezoelectric-type 
accelerorneter 
b. Apparatus Description 
1) Description of Following for Component: 
a) Equipment Name: Penetrometer and Telemetry 
Encoder Module 
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b) Size Stored: Approximately 2" diameter X 2" 
long 
c) Pressurized or Unpressurized (stored): Unknown 
d) Weight: O. 3 kg 
e) Size Operating: Same as b) above 
f) Pressurized or Unpressuried (operating): 
Unknown 
g) Frequency Spectrum: Nonperiodic readout of 
wave form of deceleration versus time curve to 
give deceleration from 104 to 1. 5 X 106 cm/ sec 2 
and time from 0.1 to 300 msec. 
h) Resolution: Unknown 
i) Pointing Accuracy: Unknown 
c. Simultaneous Observations by Sensors Other Than Those 
Specified Above Which Would Enhance the Experiment: 
Unknown 
d. Ancillary Equipment: None 
e. Required Development 
1) Principal Apparatus Requiring Development: A small 
cone penetrometer 
2) Estimated Time Required for Delivery of Flight 
Hardware Starting from Experiment Development 
Go-Ahead: 12-15 months 
3) Current Status of Experiment, Especially Present 
State-of-the-Art: A small cone penetrometer was 
produced for the unmanned space flight program and 
will be obtained for use in the Apollo field testing. [9] 
7. INTERFACES 
a. Proposed Experiment Location: At the base of the Lunar 
Surve ying Staff 
b. Instrument Orientation and Stabilization: Unknown 
c. Access Requirements: Unknown 
d. Environmental Requirements: A c tive and passive e nviron-
mental control 
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e. Power Requir ements 
1 ) Average Power and Time Duration: O. 25 watts at 
28 volts 
2) Peak Power and Time Duration: See 1) above. 
3) Standby Power And Time Duration: None 
8. SIGNAL PROCESSING AND DATA TRANSMISSION INTERFACE 
INFORMA TION 
a. Form of Data to be Collected: Analog; nonperiodic wave-
form of deceleration versus time curve to give deceleration 
from 104 t o 1.5 X 106 cm/sec 2 and time from O. 1 to 300 
milliseconds. 
b. Data Characteristics 
l) Range of Measurement: The deceleration pulse 
signature for various materials is also characterized 
by large variations in the peak amplitude of the ac-
celerometer signal (150 to 1). 
2) Accuracy: 1% 
3) Frequency Response: dc to 20 kHz 
4) Output Impedance(s ): Unknown 
c. Expected Data Activity: Unknown 
d. Selective Monitoring: Unknown 
e. Data Preprocessing: Unknown 
9. SUPPLEMENTARY INFORMATION 
a. Discussion of Facilities and Procedures Needed for This 
Experiment 
1) Preflight Period: The instrument must be "field 
tested" to provide identification of pulse signatures 
with respect to surface properties. 
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2) Data Acquisition Period: Unknown 
3) Postflight Analysis Period: Unknown 
• 
• 
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1 ' 
• 
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